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A DESCRIPTION AND SAFETY ANALYSIS OF SOLID
RADIOACTIVE WASTE STORAGE FACILITIES AND PROCEDURES
AT THE OAK RIDGE NATIONAL LABORATORY

PREFACE

Responsibility for the operation and maintenance of the facilities
for the disposal and storage of solid radioactive waste at the Oak Ridge
National Laboratory was assumed by the Operations Division in July 1973.
Previously, this responsibility had been delegated to the Field, Transpor-
tation, and Support Services Department of the Plant and Equipment Division.
Personnel of the latter Division continue to supply many of the required
functions under the direction of Operations Division supervision.

This analysis, prepared by the Operations Division, is intended .to
serve two purposes: first, to provide a reference description of the
waste collection, handling, and storage operations and of the facilities
utilized in these operations; and second, to identify the existing and
potential hazards associated with the operations and to delineate the
methods and procedures used to mitigate thos&g hazards.

The analysis is believed to go= st information available
at the time of its preparation,f/January 1974, gfAd does not, of course,
reflect any information, procedure modificat#6ns, or changes in philosophy
that may have taken place subsequen 0 that time.

Although some descriptive material concerning the handling of solid
radioactive waste at the point of origin is included for completeness
" and continuity, that portion of the operation is beyond the scope of this
review and most emphasis will be placed upon collection, transportation,
and storage.

v Bt v M T e e s mm ST R YU L







"

DESCRIPTION

PART I.

T e 8%,







PART I — DESCRIPTION

1. Introduction

Solid radioactive wastes generated at the Oak Ridge National Labo-
ratory are collected in suitable containers and periodically transported
to one of the solid waste storage areas (SWSA), commonly called "burial
grounds,' where they are stored either above or below the land surface
in either a "retrievable'" or "semi-retrievable" form.*

There are a number of different types of containers used for the
collection of wastes at the point of origin. These vary in size and
construction depending upon the character of the radioactive materials
involved. 1In some cases the containers are reusable and, with proper
precautions, are emptied into larger receptacles for tramnsport. In other
cases, the container is stored along with the waste.

There are six solid waste storage areas located on the Atomic Energy
Commission reservation in the vicinity of ORNL. Two of these areas are
inactive, and three (SWSA-3, -5, and ~6) are currently in use, although
SWSA-3 is now used only for aboveground storage of contaminated equipment
that may be salveagable. The available space for semi~retrievable below-
ground storage in SWSA-5 is nearly exhausted, although the area is still
used for aboveground storage and for retrievable below-ground storage.
SWSA-6 was opened in 1969, and contains sufficient space to handle the
anticipated needs of the Laboratory until a more efficient method of
handling solid waste is devised.

In Melton Valley, south of ORNL, where current operations are being
carried on, there are few, if any, areas remaining suitable for use as
solid waste storage areas.

2. Sources and types of wastes

Solid radioactive wastes are generated in a number of ways at ORNL.
The largest volume consists of radwaste or "laboratory trash" (glassware,
paper, rags, or other miscellaneous material) which is either contaminated
or suspected to be contaminated. Other sources include solid residues
from various physical and chemical processes. Frequently, contaminated
items of equipment, machinery, tools, tanks, valves, pipes, etc., that
are no longer needed are disposed of. Often, decontamination of each
item to a level sufficiently low for conventional disposal is uneconom-
ical; these items are disposed of by burial. An additional potentially
high-volume source of solid waste is soil, concrete, and various types
of building materials that have become contaminated as a result of leaks,
spills, or by other means. These wastes also are usually buried.

*In this context 'retrievable" means the material is stored in durable
containers in such a fashion that recovery of the material in the fore-
seeable future is facilitated. '"Semi-retrievable" means that no partic~
ular attempt has been made to facilitate recovery, i.e., the material
has simply been buried.
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At one time the Laboratory's solid waste disposal areas were desig-
nated by the Atomic Energy Commission as the Southern Regional Burial
Ground, and during the period from 1955 to 1963, about one million cubic
feet of solid waste from various off-area sites was disposed of by under-
ground burial in SWSA-4 and -5. Moreover, the waste storage areas have
been, and continue to be, used occasionally for the disposal of waste
from other government sites. The exact character of much of this waste
is unknown.

Solid radioactive waste can be classified by physical size and shape,
by type of contamination (i.e., B-Yy, a, or fissile), and by the extent
of contamination as measured either by the radiation intensity at the
surface of the package or by the amount of transferable contamination
on the package surface as determined by counting "smears."

Wastes handled routinely at the Laboratory can conveniently be clas-
sified for the purpose of storage in the following manner:

A. Fissile alpha waste* — solid waste that exceeds a concentration
of 10 uCi/kg of alpha particle activity and is associated with fis-
sionable isotopes. This category includes the transuranium isotopes
(primarily Am, Cm, and Pu) as well as the isotope 233y, These
materials must be handled in such a manner as to contain the (gen-
erally long lived) alpha activity as well as with due regard for the
criticality problems arising because of their fissile character.

These materials originate primarily in the transuranium processing
facility and as a result of fuel reprocessing operations. Frequently,
beta—-gamma activity is associated with these nuclides, and in some
cases, notably those involving 'even-even'' nuclides of heavy elements,
spontaneous fission occurs, thus creating a source of neutrons.*#%

B. Fissile non—alpha waste — solid waste that contains one gram or
more of essentially non-alpha-emitting fissionable material regard-
less of concentration, or more than one gram per cubic foot of the
same material regardless of quantity. In this context the term
fissile applies almost exclusively to 235U, because the other fis-
sionable isotopes fall into the category of fissile alpha materials.
Sources of 235U waste include various metallurgical operations,
residues from instrument applications, hot cell operations, and
various research and analytical activities. The central problem
here is to prevent inadvertent criticality.

C. Gemeral radioactive waste (radwaste) — solid waste that is neither
fissile alpha nor fissile non-alpha as defined above. In general,
this waste will contain beta-gamma activity and/or nonfissile alpha

*
Corresponds to Transuranium-Contaminated Solid Waste as defined in AEC
Appendix 0511, Part 1, B.23.a.

**In this connection, beryllium and deuterium become neutron sources when
exposed to photons of sufficient energy. Because of this possibility,
combinations of these nuclides with high energy gamma emitters must be
handled in a special way.



activity (such as Po, Th, Ra, 2387, etc.) and originates in many
places in the Laboratory: reactor sites; radioisotope operations;
particle accelerator areas; hot cell operations; various physical,

* chemical, and biological research areas; and analytical laboratories.
It constitutes by far the bulk of the solid radioactive waste gener-
ated at the Laboratory.

General radwaste is further divided into two types depending
upon the intensity of the radiation at the surface of the package.
"Low level radwaste has a radiation intemsity less than 200 milli-
rads/hour, and "high level radwaste'" an intensity greater than 200
millirads/hour.

Solid radioactive wastes that are handled according to the normal
standard procedures developed for the three classes described above are
designated as '"routine' wastes. Occasionally, a circumstance arises :
where solid material must be handled in a special manner, for example, |
because an item is too large or awkward to be accepted in a routinely
used container or because the radioactivity level is extremely high. i
In such cases, special procedures are developed to handle the situation, g
and wastes dealt with in this fashion are termed "non-routine." Non-
routine wastes are classified in the same fashion as routine wastes, and
all normal precautions are taken as well as any additional precautions
dictated by the special handling procedures required.

Quite frequently both routine and non-routine wastes contain mixtures
of two or more of the above classes, that is, fissile waste may be
accompanied by beta—gamma emitting fission products, or both transuranium
nuclides and 235U may be present in the same package., Other combinations
can also occur. In such cases the waste material is treated with due
regard for all of the components present.

3. Handling of radioactive wastes at the point of origin

Waste at ORNL is handled in accordance with the intent of UCN Standard
Practice Procedure D-5-15 (Appendix A). The initial handling and pack-
aging of radioactive wastes at the point of origin is governed by two
requirements: first, to protect personnel from exposure to direct radia-
tion and contamination, and second, to ensure that the various classes of
materials are placed in containers of a kind appropriate for the type of
storage prescribed.

"In order to protect personnel against radiation and contamination,
waste containers in current use in operating areas should have a low
radiation intensity at the surface and be essentially free of transferable
contamination. Appropriate precautions have been established and are
presented in the ORNL Health Physics Manual,! (see Appendix B). ,

Various types of containers are designated as "approved" containers '
for the different classes of solid radioactive waste. These are designed
to provide adequate shielding where necessary, to be suitable for trans-
port to the solid waste storage areas, and to be appropriate for the
type of storage contemplated.
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For the purpose of handling at the point of origin, low level general
radwaste may be conveniently thought of in terms of very low level mate-—
rial that requires little in the way of special precautions but material
that is sufficiently radioactive to require precautions as described in
ORNL Health Physics Manual, Procedure 2.7 (Appendix C).

A. Fissile alpha waste

Fissile material must be handled and accounted for in accordance -
with ORNL Health Physics Manual, Procedure 2.4 (Appendix D), and
thus, the amount of fissile material present in each package must be
determined prior.to its delivery for transport to the SWSA. These
fissile alpha wastes, which originate primarily in the various
transuranium processing activities, are regarded as among the most
hazardous generated at ORNL. The requirement that storage operations
be conducted in a manner which permits retrieval was initiated by
AEC Tmmediate Action Directive No. 0511-21 and OR Immediate Action
Directive No. 0511-13 and has since been developed into USAEC Manual,
Chapter 0511 (Appendix E). Hence, wastes must be placed in suitable
containers at the point of origin because facilities for repackaging
are not available at the SWSAs. Three types of containers (Figs. la,
1b, lc, 2, and 3) routinely used for packaging fissile alpha waste
are concrete casks, stainless steel drums, and stainless steel cap-
sules. The choice of package depends upon the amount of direct beta-
gamma and neutron radiation associated with the contents, and in all
cases, the originator is responsible for compliance with the health
physics regulations regarding radiation and surface contamination.

B. Fissile nonalpha waste

Fissile material must be handled and accounted for in accordance
with ORNL Health Physics Manual, Procedure 2.4 (Appendix D), and
thus, the amount of fissile material present in each package must
be determined prior to its delivery for transport to the burial
ground. Fissile material must be packaged in containers (described
under "General radwaste — low level') suitable for burial in auger
holes, and in no case can a single package contain more than 200 g
of fissile material unless prior approval is obtained from the ORNL
Criticality Committee. The originator of the fissile waste is
required to give notice of the pending need for service to the SWSA
foreman.

C. General radwaste — low level

Each operation that involves handling of radioactive materials
is supplied with approved disposal containers or "hot" cans (Fig. 4),
properly labeled, to receive contaminated materials. The disposal
containers lined with plastic bags, are for slightly radioactive
waste materials.
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When a container is full, the operator or technician responsible
for waste removal from that particular operating area seals the
plastic container and empties the can into the nearest yellow dumpster
(Fig. 5) for removal to one of the solid waste storage areas. New
plastic liners are installed and the can is reused. Members of the
Radiation Safety and Surveys Section of the Health Physics Division
periodically survey the containers to ensure that radiation and con-
tamination levels remain below the specified limits. If necessary,
the cans are decontaminated and, in some cases, disposed of.

PHOTO 64883

FIssite ragay
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Lasanargay
YIS 1153

Fig. 5. Dumpster for low level waste disposal.

Low level materials that contain significant quantities of
activity are handled very carefully to prevent direct radiation
doses to personnel or the spread of contamination. Rather than
being placed in reusable containers, these materials are generally
placed in disposable cans or boxes. Inexpensive cans (Fig. 6) with
1-, 2-, 10-, and 20-gal capacities are available from ORNL stores,
and are used as containers for the contaminated waste.

Normally, contaminated waste at this level is removed from the
building as soon as possible to reduce the potential for personnel
exposure. The surface contamination on the cans is determined by
"smearing;" and, if specified limits are exceeded, the can is sealed
in a second clean can prior to deposition in a yellow dumpster.
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PHOTO 65303

z

cans.

[

fig. 6. Waste disposal

Disposal cans or bins appropriately labeled for collecting con-
taminated gloves, shoe covers, coveralls, etc., are available in
those areas requiring this service. These materials are handled
under the same rules as low and intermediate waste with the excep-
tion that all washable items reading less than 20 millirads/hr .
beta-gamma and 25,000 dis/min/100 cm? alpha are sent to the ORNL
Laundry.

D. General radwaste — high level

High level waste usually originates in hot cells or in radiochem~
ical or reactor operations and frequently must be loaded remotely
and shielded prior to removal.

To remove high level wastes from a hot cell, barricade, or other
source location, the radioactive material is first reduced to the
smallest volume practicable and then loaded in a suitable container
or can similar to those described above. In some cases, the con-
tainer is sealed in plastic or the contents are sealed in plastic
prior to being placed in the can.

High level wastes are not removed from the point of origin until
a proper shielding device is available to receive the package. These
devices may take the form of a specially shielded can or a bottom
discharge carrier (Fig. 7). Lead shielded dumpsters (Fig. 8) are
available to tramsport highly radioactive material to the storage
areas, and in some instances, a truck with a shielded cab (Fig. 9)
is used.

For non-routine situations, special types of shielded containers
may have to be fabricated to handle these high level wastes.
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Lead shielded dumpster.

Fig. 8.

PHOTO 0221-74

Shielded "hot" truck

Fig. 9.
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4, Storage facilities

A number of different types of facilities are used for the storage
of solid radioactive wastes. These range from trenches in which the
material is placed and buried, to stainless-steel-lined auger holes for
cylindrical drums or packages of various diameters, to aboveground,
roofed buildings. The choice of facility depends on whether or not the
material is to be retrievable and on the intensity and character of the
radiation involved.

A. Fissile alpha waste

Solid fissile alpha waste, which consists primarily of trans-
uranium isotopes and 2 3U is packaged in a manner appropriate to
the radiation intensity associated with the waste. All of this
material is now being stored in the retrievable mode.

Fissile alpha waste that is accompanied by high levels of beta-
gamma or neutron emission is usually packaged at the source in a
reinforced concrete cask (Fig. 1). These casks are available with
three wall thicknesses, 4-1/2, 6, and 12 in. The loaded casks are
transported from the point of origin by tractor-trailer and placed
in trenches (Fig. 10) similar to those described in Section 4(C) by
means of a mobile crame. The trenches are backfilled and can be

identified by means of the metal casing or resurveyed from engineering
data. Recoxds are kept of the location and contents of each trench.

PHOTO 1647-71

Fig., 10. Casks of fissile alpha material in disposal trench.
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In cases where the radiation reading at the surface of the
drums is less than 200 millirads/hr, the fissile alpha waste may
be stored either in black iron or stainless steel drums or mild
steel boxes in Building 7823 (Figs. lla and 11b). A number of mild
steel boxes containing slightly contaminated waste are stored in
Building 7824. All material so stored is identified by metal tags,
and all of the pertinent information is recorded and related to
the tags.

Both buildings were constructed without benefit of formal design
and were intended for temporary storage. They were erected primarily
using discarded structural steel.

Building 7823 (Figs. lla and 11b), which is 50 ft wide by 80 ft
long two-thirds below grade, has a gable roof open at each end with
a truck entrance on the south side of the building. The walls are
curved galvanized metal culvert sections of 12-gauge corrugated
steel. The roof is 0.032-in. corrugated aluminum with four sectiomns
of plastic skylight. There is an interior ceiling of 9-gauge gal-
vanized steel wire fencing located 14 ft above the crushed rock
floor. There are no utilities inside the building.

Funds have been requested to replace this building with a more
suitable permanent structure; and when construction is complete, use
of Building 7823 for retrievable storage will be discontinued.

Building 7824 was intended to be merely a sheltered work area
and storage shed for nonradioactive material. It currently contains
about 40 steel boxes containing slightly contaminated waste. These
are to be disposed of below grade in the near future and use of the
building for storage waste will be discontinued.

Criticality control of these materials is accomplished by impo-
sition of the restrictions given in Table 1 that specify the maximum
quantity of fissionable material®* permitted in each type of container.
These restrictions are consistent with the requirement that the con-
centration of fissionable material shall not exceed 5 g/ft3, at which
level an infinite array of such containers has a multiplication
constant well below unity.2 In any case, where the amount of fis-
sionable material to be stored exceeds the quantities listed in
Table 1, or 5 g/ft3 for other containers, the originator of the
waste must obtain prior approval from the ORNL Criticality Committee
(Part I, Section 7). Under certain circumstances this Committee
may, after due consideration, modify the requirements of Table 1
for individual packages.

In some cases fissile alpha material with high background
readings is stored in stainless-steel-lined auger holes of various
diameters — normally 8, 10, 12, 14, 16, or 30 in. (Fig. 12) — and
drilled to meet the hydrological requirements outlined in Section

* e ; ‘ 233y 235 239 : ‘g
Fissionable material means u, U, or Pu. Very small quantities
of transuranium isotopes may be present, some of which are fissionable.
Control of these materials is discussed in Part II.
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Fig, 12. Typical stainless-steel-lined auger hole for storing
fissile alpha waste having high radiation reading. (Available also
with 8, 10, 14, 16, and 30 in. I.D.)
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4(C) for disposal trenches. The liners are rolled from l6-gage
stainless steel and seam-welded; the bottoms are then welded in.
All welds are dye-checked. The liners are provided with concrete
collars and stainless steel caps. For criticality control, spacing
" between holes is not less than 3 ft, edge to edge, and the isotope

content per hole is limited to 200 g unless prior approval is obtained-

from the ORNL Criticality Committee.

The holes are used to store waste contained in stainless steel
30- or 55-gal drums or in other suitable stainless steel cylindrical
containers.

After each package is inserted, a quantity of sand is placed on
top for shielding purposes. When full, the hole is plugged with a
removable stepped concrete plug and a metal tag is provided for
identification purposes. Records are kept of the contents of each
hole.

Table 1. Amount of fissionable material permitted by container type

Maximum fissionable

Container type material (g)
30-gal drum 20
50-gal drum 36
©® Concrete cask (thin walled) 200
Concrete cask (intermediate
walled) 200
Concrete cask (thick walled) 96

B. Fissile non-alpha waste

Uranium-235, uncontaminated with fissile alpha nuclides, is
normally buried in containers in unlined auger holes. A restriction
of 200 g per hole is imposed for criticality control. Prior approval
of the ORNL Criticality Committee is required before this limit is
exceeded. ‘

The contents of these auger holes are logged and records are
maintained. When filled, the holes are capped with concrete.

C. General radwaste

General radwaste storage is accomplished in nearly all cases
by depositing the waste below grade in trenches or in auger holes.

All trench development is accomplished using good engineering
practices, and due consideration is given to the topological and
hydrological features of the site. The trenches are constructed
and maintained to isolate the waste from surface and groundwater.
The trenches are restricted to a length of 50 ft and a width not to
exceed 10 ft. The depth is normally 10 to 15 ft and is always
limited to at least 12 in. above the known high water table. If,
due to unanticipated circumstances, the excavation falls below the
water table, the trench is backfilled with Conasauga shale to a
depth of at least 12 in. above the existing water.

e e e e ey e oo
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The trenches are graded to slope toward one end (approximately
1/2-inch per foot of length). A 6-in. diameter, perforated, corre-
gated metal casing, inserted vertically into the trench and extended
above the surface of the ground, serves as a monitoring well. A
typical layout of a disposal trench is shown in Fig. 13, and a
photograph of such a trench is shown in Fig. 14.

Surface water drainage is controlled by ditching around the
trenches to meet prevailing surface drainage requirements. Appro-
priate barricades are provided adjacent to the open portions of the
trenches to ensure personnel safety.

ORNL DWG 74-8370

£DGE OF NEXT TRENCH \\\

DRAINAGE DITCH —~_

6-in CORRUGATED
MONITORING PIPE

~DRAINAGE DITCH:

p

r
40:0!14n g 7 €DGE OF e
i : r\ég NEXT TRENCH i
‘gﬂj e NOTE:
Gt O FLAED S0re
{?IX?E)??B'?XEBEI?Ei CNEL 7 (NOT DRAWN TO SCALE)
Ce g

Fig. 13, Typical disposal trench layout.
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Fig. 14. Open waste disposal trench.

z

General radioactive waste is transported from the Laboratory to
the trenches in dumpsters or other suitable containers and placed
in the open trench, as shown in Figs. 15 and 16. Appropriate health
physics procedures are used during these operations, including use
of masks and protective equipment where required.

The dumpsters shown in Figs. 5 and 8 are large, covered, metal
containers that can be transported by a specially built truck (Fig.
17).

s me h e
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Fig. 15. Dumpster being emptied into a disposal trench.

¢ PHOTO 101770

.o | - i

Fig, 16. Burial of disposable containers.
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Fig. 17. Dumpster and truck.

Once the trench is filled to within 3 ft of grade, it is back-
filled with earth cover over the waste. If periodic sampling of
the well or other symptoms indicate that additional action is re-
quired to prevent the entry of water, appropriate steps are taken.
The metal well casing is also used as a trench marker and may have
a metal tag identifying the trench by number attached to it. All
trench details are maintained on as-built drawings, and a log
describing the history of the trench is maintained. Figure 18 is ;
a photograph of a closed trench. .
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Note that the foregoing procedures represent current practice
in SWSA-5 and SWSA-6. Less careful attention was given to the
selection of the other storage areas, and there was much less thought
involved in the design of the trench configuration. These problems
will be discussed again in Part I, Section 5 and in Part II.
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5. Solid waste storage areas

Storage of solid radioactive waste was initiated by the Manhattan
District in the early 1940's at what is now ORNL. Locations for the
first three SWSAs were selected primarily for convenience and few, if
any, geologic or hydrologic considerations entered into the siting
decisions. However, as the volume of waste generated at ORNL increased
and the quantity and variety of solids from offsite agencies expanded,
greater attention was given to the selection of sites for storage areas.

It was determined that areas underlain by Conasauga shale formations
make excellent sites for underground storage,3 not only because the
shale is easily excavated, but because the ion exchange properties of
this material inhibit the migration of water soluble nuclides through
the soil. Because the area in Melton Valley, south of ORNL, is underlain
by this formation, it has been used as a site for the three SWSAs opened
since 1951. Aerial photographs showing the locations of the six SWSAs
are displayed in Figs. 19 and 20.

Of the six SWSAs at ORNL, only two are currently in use, although
another (SWSA-3) is used occasionally for aboveground storage of
reusable equipment. Table 2 shows the current operational status of
the ORNL solid waste storage areas.

Table 2. Operational status of ORNL solid waste storage areas

Land used

SWsA Operating dates Status (acres)
1 and 2 1943-1946 Closed 5
3 1946-1951 Closed 7
4 1951-1959 Closed 23
5 1959- Operating 33
6 1969- ) Operating 68

The following descriptions of the solid waste storage areas reflect
an awareness of the problems associated with solid waste storage which
has evolved over the years.

A. SWSA-1, -2, and -3

These areas are located in Bethel Valley at the main ORNL site.
SWSA-1 and -2 are relatively small, covering a total of about 5
acres, and were closed by 1946. Wastes were merely dumped into the
open trenches that were then backfilled. The locations of these
"burial grounds" are shown in Fig. 19, and Fig. 21 is a photograph
of the Clinton Laboratory (now ORNL) showing the two areas during
the time they were in use. There are no available records showing
the quantity or kind of solid waste disposed of in these areas;
however, because of the close accountability exercised at that time
and the extreme value placed on the material, very little fission-
able material was disposed of in these areas. Moreover, large
quantities of radioactive material had not yet become available so
the amount of radioactivity present is also presumed to be small.
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These areas were used primarily for the disposal of contaminated
trash, laboratory equipment, and other items that were discarded.
These areas are now completely covered and no longer specifically
fenced.

SWSA-3 was opened in 1946 and used for underground disposal of
waste, in much the same way as SWSA-1 and -2, until it was closed
in 1951. 1In addition, large items of equipment that were slightly
contaminated and either too awkward to bury or salvageable, were
stored within the fence around the area. The location of SWSA-3
can be seen in Fig. 19, and in a recent photograph of the area
(Fig. 22).

PHOTO 93432

2 - \?‘ —;‘- V-gﬁlr
o “_j -
Fig. 22, Solid waste storage area-3 (circa 1971).

After SWSA-3 was opened it was found to be underlain with rock,
which made excavation difficult, and it was closed in 1951 after
about seven acres had been utilized.

As in the case of SWSA-1l and -2, little information is available
on the volume and character of the material buried in this area.
Because SWSA-3 is still used for aboveground storage, it is
fenced.
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B. SWSA-4

By 1951 studies on the movement of radioactive nuclides in soil
determined that Conasauga shale was ideal for the burial of radio-
active wastes." Consequently, a site for SWSA-4 was chosen in
Melton Valley, just southwest of ORNL.

As before, little was done with respect to exploration of the
geologic and hydrologic aspects of the site beyond a determination
that the area was indeed underlain by Conasauga shale. As a result,
portions of the surface of this area are uncomfortably close to the
water table. Although the area is no longer in use, a survey to
determine what problems, if any, this situation may present is
currently being carried on by members of the Environmental Sciences
Division. This matter will be addressed in Part II of the review.

Waste storage in SWSA-4 began in 1951 and, as in the previous
cases, all disposal was by burial. Attempts were made to segregate
beta-gamma and alpha contaminated material; the latter, in some
cases, had been covered with concrete prior to back filling. This
area (Fig. 20) eventually covered a total of 23 acres; it was closed
in 1959, seeded in grass, and fenced. Warning signs indicating the
presence of radioactivity are posted in the area.

Records were kept of the material disposed of in this area;
however, these records were destroyed by a fire in August, 1961,
along with part of the records of SWSA-5. Hence, there is no
inventory of the material stored in the area.

C. SWSA-5

As a result of experience gained in operating the previous
solid waste storage areas, great care was taken in selecting the
gsite for SWSA-5, which was opened in 1959. This previous experience“
led to the conclusions that (1) a SWSA site should be in an area
of gentle relief for ease of operation and yet not be subject to
flooding, (2) sufficient depth to groundwater should be maintained
so that contaminated solids can be suspended above the water table,
and (3) the surface should not be subject to excessive soil erosion
by surface runoff. Other desirable features of the site include
(1) a soil that is easily excavated by earth-moving equipment and
yet firm enough to stand in deep cuts, (2) a short hauling distance
from the point of origin of the waste, (3) private roads to use
for transporting, and (4) an easily accessible location. A site
having the above characteristics and underlain by Conasauga shale
would be ideal.

As a result of geographic and hydrographic studies and applica-
tion of the above criteria, the site shown in Fig. 20 was selected
for SWSA~5. Figure 23 is a topographic map of the general area,
showing the depth of the water table below the surface.

SWSA-5 has been used for the disposal of all types of wastes
described in Section 4; however, by far the largest volume of
material is general radioactive waste which has been buried in
trenches in "semi-retrievable" form. Nearly all of the "retrievable"
material is located in this area, including the material stored
aboveground in Building 7823.
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Land usage of this area since 1961 is indicated in Table 3.
The appreciable decline in volume in FY 1963 is caused by the dis-
continuance of this site as the Southern Regional Storage Area. The
trend toward higher waste volumes in FY 1967 and 1968 is considered
temporary, and the current projection for the next ten-year period
is 200,000 ft3/year or less.

Table 3. Solid waste storage area-5 — land used
and waste volumes

Volume generated Volume received

Land used Total volume on-area from off-area

(acres) (£t3) (£Ft3) (Ft3)
1973 0.5 103,047 103,027 20
1972 0.6 122,261 113,026 9,235
1971 0.8 134,319 126,652 7,667
1970 0.8 163,176 157,033 6,143
19694 0.9 169,361 151,210 18,151
1968 2.2 242,079 220,371 21,708
1967 1.1 198,811 170,770 28,041
1966 1.3 159,001 132,606 26,395
1965 1.8 188,534 152,791 35,743
1964 1.5 321,147 121,925 199,222
1963 1.5 332,975 117,470 215,505
1962 2.4 424,650 236,958 187,692
1961 3.0 530,704 - 244,000 286,704
aChanged from fiscal year to calendar year in 1969.

The volume of waste stored per acre is dependent upon terrain
features and water table depth. Waste burials in SWSA-5 have varied
from 100,000 ft3 an acre to 220,000 ft3 an acre. More than 96% of
the volume is slightly radioactive material which does not differ
from the material buried during the past three decades, and consists
of a heterogeneous mass of absorbent paper, all types of glassware,
scrap metal, dirt, various filter media, lumber, powder, wire piping,
depleted uranium, animal carcasses from biological experiments, and
experimental equipment that could not be economically decontaminated.

A general layout of SWSA-5, showing the locations of the various
disposal facilities, is given in Figs. 24 and 25. Records of the
types of waste and their locations are available for all of the
facilities except the trench area shown in the right center of
Fig. 25. This area represents that portion of SWSA-5 for which the
records were destroyed in the fire mentioned previously.

D. SWSA-6

In anticipation of future needs, the 68-acre SWSA~6 was opened
in 1969; its location is shown in Fig. 20. The criteria used to
select this site were quite similar to those used in the selection
of SWSA~5. Topographical and hydrological maps of SWSA-6 are shown
in Figs. 26 and 27.
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This area is now being used for semi-retrievable storage in
trenches and auger holes following practices identical to those
currently in use at SWSA-5. A layout of the facilities in this
area is shown in Fig, 28.

6. Procedures for transfer to and handling at the SWSAs

The methods utilized to transport solid waste from its point of
origin to the SWSA varies according to the character of the waste and
the type of package involved. By far, the greatest volume of waste is
handled in dumpsters (Fig. 5) or packaged in cans (Fig. 6), and is
transported by a special truck designed to handle the dumpster pan
(Fig. 17) or by a truck suitable for transporting cans or drums (Figs.

9 and 29). Handling methods are dictated by normal health physics
procedures1 and are designed to minimize radiation exposure to personnel,
to prevent the possibility of contamination, and to meet the principals
of industrial safety.

PHOTO 1011-74

Fig. 29. Truck loaded with waste drums.

In cases where the material involves high radiation or is too bulky
or heavy to be handled by ordinary means, special equipment (i.e., mobile
cranes, high capacity floats, or shielded equipment) may be used for
loading and transportation. In all cases where rigging equipment is
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used, the appropriate safety standards for such equipment must be met
(Appendix F). Standard procedures are developed for those cases where
the heavy shipments are handled frequently.

The movement of the waste from the point of origin to the SWSAs is
over roads completely internal to the ORNL reservation, except for those
cases where waste is shipped in from offsite. When deemed necessary,
special precautions are taken to ensure isolation of the shipment; these
could include temporary restrictions on the route, the presence of an
escort, or other suitable precautions. Regulations require that all
vehicles and equipment used at the SWSAs be surveyed for radiation and
contamination and, if necessary, decontaminated prior to leaving the
area.

Upon arrival at the SWSA, the waste is stored in an appropriate
manner in one of the facilities described in Section 4, The method
of handling depends upon the type and physical form of the material.

A. Fissile alpha waste

As is also the case for fissile non-alpha waste, an Authorization
for Storage of Radioactive-Contaminated Solid Waste (Fig. 30) and a
Record of Transactions of Source and Special Nuclear Materials
(Fig. 31) are required by the SWSA foreman prior to accepting the
responsibility for these materials. A Request for Nuclear Safety
Review (Figs. 32a and 32b) must be processed if the quantities
involved exceed those listed in Table 1.

After the necessary paper work has been completed, the con-
tainers, properly labeled with a Radiation Hazard Material Transfer
Tag (Fig. 33), are picked up on request. The heavier containers
such as concrete casks and shielded drums are transported with the
aid of rigging equipment (e.g., "floats" and mobile crames).

As described in Section 3, these materials must be stored in
retrievable fashion. Concrete casks are placed in trenches using a
crane, and shielded drums and capsules are placed in auge:r holes
in a manner similar to that described in Section 4.

The precautions and dress required for these operations are
based on the findings of the area health physics surveyor at the
time the Authorization for Storage of Radioactive-Contaminated
Solid Waste is prepared. These findings are verified by the field
health physics surveyor. In most cases, Company-issued clothing
is adequate; however, under some circumstances, contamination zone
procedures may be put into effect.

Low level fissile alpha waste is stored in drums and does not
require shielding. The drums are shipped by truck and unloaded
either by hand or with the help of rigging equipment. They are
stacked in Building 7823 with the aid of a forklift truck. Prior
to shipment to the SWSA, the outer surfaces of these containers
must be decontaminated to such an extent that no special dress pre-
cautions other than Company-issued clothing are needed. Criticality
restrictions are the same as for non-alpha waste.
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AUTHORIZATION FOR STORAGE OF RADIOACTIVE-CONTAMINATED SOLID WASTE

REQUESTER: EXECUTES THIS SECTION BEFORE ARRANGING MATERIAL TRANSFER

MATERIALS TO BE STORED

I1SOTOPES PRESENT AND AMOUNT {GRANS)

ORIGIN-BLDG.

SECTION OF BLDG.

TYPE OF CONTAINER

ATN

TNM

REMARXS

NSR

l : TRANSURANIUM

O rissie

[[] nesTher

TELEPHONE STORAGE AREA FOREMAN PRIOR TO MATERIAL TRANSFER (EXTENSION 3-6356)

REQUESTER'S AUTHORIZATION
FOR DISPOSING MATERIALS

NAME

TBADGE NO.
!

BUILDING PHONE NO.

DATE

Division

DEPARTMENT

ACCOUNT CHARGE

HEALTH PHYSICS: TO BE COMPLETED AT POINT OF ORIGIN OF SOLID WASTE AKD BEFORE TRANSFER OF MATER!IAL

RADIATION LEVEL

BETA.GAMMA SHIELDED, , mremf® inches; UNSHIELDED, mrem @ inches,
NEUTRON READING mrem/hr,
SURFACE CONTAMINATION - BETA GAMMA d/minute Algha

. d/minute

HEALTH PHYSICIST MUST: [] ACCOMPANY SHIPMENT TRANSFER

[ SE PRESENT DURING STORAGE

REMARKS

" THEALTH PHYSICS APPROVAL | NAWE DATE
FOR MATERIAL TRANSFER

STORAGE AREA: FOREMAN SENDS COPY TO ORIGINATOR AFTER STORAGE

REMARKS

“THENCH NO, FFO FFT CF

WELL NO, FFT CF

BLDG, NO. COMP, NO. LEVEL CF

SUPERVISOR'S RECEIPT NAME BADGE NOQ. DATE TIME
OFMATERIALS )

UCN.2822
23 2.72)

Fig. 30.

"DISTRIBUTION: WHITE
BLUE

solid waste (UCN-2822).

- STORAGE AREA FOREMAN

« RETURNS COMPLETED TO ORIGINATOR
CANARY - RETAINED BY ORIGINATOR -

Authorization for storage of radioactive-contaminated
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OAK RIDGE NATIONAL LABORATORY

JEVNUMBER | TRANSFER NO.
RECORD OF SSN TRANSACTIONS — e
( Intra-ORNL Only ) 2 3 9
FROM: TO:
1 BALANCE 2 CONTROL |3 MATERIAL a4 OATE 1 BALANCE T2 CONTROL 3 MATERIAL 4 DATE
AREA AREA | STATUS AREA , AREA STATUS

5 PROJECT NUMBER

'6 TYPE TRANSACTION

S PROJECT NUMBER

6 TYPE TRANSACTION

7 SIGNATURES

7 SIGNATURES

SENDER

RECEIVER

BALANCE AREA REPRESENTATIVE

BALANCE AREA REPRESENTATIVE

WEIGHTS I GRAMS

COLUMN NUMBER 1 2 3 4
10 Nuclear 1N we % 8 teem No.
Material {sotope R S - ——
Code Chemical or
Physical Form
12. Element Weight
n—‘lsovope Weight
Element Werght
| lsotepe Werght T
Element Weirght
fsotops Werght
Element Weight
Isotope Weirght T
Element Weight
Isotope Weight
13. Estimoted Limit of Element (3)
Uncertainty per Column -~
Isotope (s}
14. Number of Pieces
15. Container Number
16. NSR Assigned to Contoiner or Tronsfer
17. Anglyticol Report Number
18. Assay Report Number
19. Gross Weight of Contciner ond Moterial - Lbs
20. Net Weight of Motericl - Groms or Yolume
NOTE: SHIPPER.RECEIVER DIFFERENCES MUST BE REPORTED TO S OFFICE IMMEDIATELY FOR RECONCILIATION

OTHER PERTINENT COMMENTS

DISTRIBUTION:

UCN 268
3 T I

{White} Accountability Office -

{Conary) Receiver

(Blue) Shipper

Fig. 31. ORNL record of SSN transactions (UCN—2681)-.
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REQUEST FOR NUCLEAR SAFETY REVIEW

This request covers operations with fissile material in a control area and/or fissile material
transfers that originate within the control area. The control area supervisor shall complete
the blocks below and describe the process and/or operations to be performed, emphasizing
the provisions for nuclear criticality safety on the reverse side of this page. This request

shail be approved by the Radiation Control Officers of the originating Division and the EXPIRATION OATE

Division(s) to which fissile material will be transferred.

TITLE, CONTROL AREA, AND SUMMARY OF BASIC CONTROL PARAMETERS

(To be completed by the Control Area Supervisor)

TITLE (FOR REFERENCE PURPOSES) DATE OF OATE REVIEW
REQUEST REQUIRED
CONTROL AREA CODE NO, BUILDING DIVISION
ROOM

TYPE AND FORM OF MATERIAL

ISOTOPIC ENRICHMENT (Wt. %)

PER ISOLATED BATCH OR UNIT
QUANTITY

OF TOTAL IN CONTROL AREA
FISSILE

ISOTOPES [TOTAL TO BE PROCESSED

Concentration or Density
of Fissile Material

Spacing of Fissile Units

Proximity and Type of Neutron Reflectors
or Adjacent Fissile Material

Limit on Moderation

Limit on Neutron Absorbers

Limit on Volume or Dimensions
of Contatners

THIS REQUEST {MODIFIES, REPLACES) NSR(S) NO,

RECOMMENDATIONS

(To be completed by the Criticality Committee)

This endorsement is based on our present undérstanding of the operation (whether acquired verbally or in writing) and is
subject to review and cancellation.

CHAIRMAN, CRITICALITY COMMITTEE OATE

UCHN-5917
3 9-70}

Fig. 32a. Request for nuclear safety review (UCN-5917) .

SUs P A S Y ATV Rt (e b A 1 AECRCY VIR ST 472 et W e N R

- -~ e




44

PROVISIONS FOR NUCLEAR CRITICALITY SAFETY
{To be completed by the Contro! Area Supervisor)

Provisions for nuclear criticality safety shall be described below in accordance with Appendices II and III of the AEC
Manual Chapter 0530. This shall include brief descriptions of the process and/or all operations to be performed, plans and
procedures for the operations for nuclear criticality safety, and the basic control parameters.

teferenced drawings and documents.

Please attach 11 copies of

EXPIRATION DATE

RADIATION CONTROL OFFICER DIVISION

CONTROL AREA SUPERVISOR

8UILOING

RADIATION CONTROL OF FICER DIVISION

RADIATION CONTROL OFFICER

DIVISION

7

Fig. 32b. Request for nuclear safety review (UCN-5917).
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, ])ATERIAL TRANSEER I I‘-:

Fig. 33. Radiation hazard material transfer tag (UCN-2785).

i

H
!
}
V
!

RADIATION SURVEY READINGS

EXTERNAL DOSE RATE
* Belf e MrOmM/hir ot
o 7O/ T G
Gomma oo mrem/hr at
mrem/hr ot

Neutron mrem/hr ot

E

TOTAL DOSE
- RATE

MREM/HR at
MREM/HR at

SURFACE CONTAMINATION

AIPHA (AAX]  PROJE

d/m/100 cuZ
d/m/100 em®

BETA-GAMMA (MAX]  PROBE
SMEAR

prad/he
d/m/100 cm?®

Da!'e

HATEIIAL TRAHSFER-SEE OTHER SIDI
Yy d v da/




46

B. Fissile non-alpha waste

Fissile non-alpha waste is collected from the originator upon
request. Prior to transferring responsibility for this waste to
the SWSA foreman, the originator must prepare an Authorization for
Storage of Radioactive-Contaminated Solid Waste, describing the
material and any special precautions required. In additiomn, a
Record of Transactions of Source and Special Nuclear Materials must
be completed. This document is used primarily for accountability
purposes, but it also specifies the type and quantity of material
involved. In cases where the amount of fissionable material in a
container exceeds that specified in Table 1, the originator is
required to submit a Request for Nuclear Safety Review (Figs. 32a
and 32b) to the ORNL Criticality Committee (Part I, Section 7.

This request is reviewed by the Committee, and disposal of the
material must be handled in accordance with the recommendations of
the Committee.

Unpackaged bulk material containing less than 1 g/ft3 of fission-
able isotopes may be stored in a semi-retrievable fashion without
ORNL Criticality Committee approval.

Fissile non-alpha waste is packaged in suitable containers and
surveyed by a health physics surveyor who affixes a properly
completed Radiation Hazard Material Transfer Tag to the container.
The package, in a shielded or unshielded condition, is then conveyed
to the SWSA where it is placed in an auger hole. When a shielded
container is used, mobile lifting equipment is necessary; otherwise,
the container may be moved by hand and transported by truck.

Company-issued clothing is used for this operation, and radiation
monitoring, if necessary, is handled by health physics personnel.
Shielded containers may be either top- or bottom-loading and, if
required, temporary means are devised to shield personnel during
the transfer of material from container to the auger hole.

C. General radwaste

Low and intermediate level general radwastes are routinely
removed from the point of origin in dumpsters or in metal waste cans
as described in Section 3. Service is provided primarily on an
"on-call" basis. The material is packaged by the originator and,
when ready for shipment, surveyed by a member of the Radiation Safety
and Surveys Section to determine if the material indeed is low or
intermediate level general radwastes. A Radiation Hazard Material
Transfer Tag (Fig. 33) is affixed, which describes the contents and
the results of the survey. The waste is then picked up and trans-
ported to the SWSA where it is emptied into a disposal trench without
being reopened (Fig. 15).

Radiation monitoring in this case is routine and is guided by
the original survey. Company-issued clothing is worn by the crew,
and all are required to wear film badges, personal dosimeters, and
pocket meters. The pocket meters are read daily by personnel of
the Radiation Monitoring Section of the Health Physics Division.




47

High level general radwaste with a surface radiation level in
excess of 200 mR/hr and certain other hazardous types of material such
as NaK are also removed from the point of origin on an 'on-call"

- basis. Shipment and storage of materials of this type are treated
individually by procedures appropriate for the particular situation
involved.

Fach container is loaded by the originator and surveyed by
health physics personnel; as in the previous case, a Radiation
Hazard Material Transfer Tag (Fig. 33) is affixed. 1In addition,
the originator and the area health physics surveyor are required to
complete an Authorization for Storage of Radioactive Contaminated
Solid Waste (Fig. 30). This form contains a description of the
material and specifies the precautions to be taken during handling
and storage. The SWSA foreman reviews this form prior to accepting
the material and, together with the field health physics surveyor,
determines the proper handling procedure. After making the necessary
preparations, the fareman approves the transfer. This type of waste
is placed either in a trench or auger hole. '

If transported in lead-lined Dumpster pans, the waste is emptied
into a trench using a motor crane. Usually, several pans are emptied
at one time. Pans being held at the SWSA for emptying are stored
under a sheet-metal rain shield.

Shielded carriers of high level radioactive waste are transported
by truck or yard crane and unloaded, using mobile lifting equipment.
Top-loading carriers are used as infrequently as possible, but, if
used, they are lowered into the trench, using a crane, and‘ then
inverted to empty the contents. Some bottom-loading carriers are
suspended in the trench and emptied. :

Some high level waste is received in 55-gal drums transported
in a shielded carrier. The drums are lowered by means of a mobile
crane through the bottom part of the carrier after it has been
placed over an auger hole. In most cases, the likelihood of contamin-
ation is sufficiently low that only Company-issued work clothing is
required for this operation.

After emptying, carriers are reassembled as required, wiped
externally, and surveyed by a health physics surveyor before being
wrapped in plastic and returned to the owner.

Bulk shipments of high level general radioactive waste, such
as contaminated earth or construction debris, are usually received
in a dump truck or on a float. Where possible, the material is
placed in the trenches using a crane; otherwise, it is merely dumped.
A health physics surveyor is in attendance during these operations
and assists the foreman in determining the degree to which personnel
are required to dress out in contamination zone clothing and to
observe precautions prescribed for contamination zone operations.1
Moreover, these dumping operations are carried out only under appro-
priate meteorological conditions (e.g., low wind speed) .
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Shipments of radioactive waste materials, which must be regarded
as non-routine for reasons other than high level radiation, are
handled on a case-by-case basis in accordance with procedures devel-
oped by the SWSA foreman after consultation with the health physics
surveyor, his Division Radiation Safety and Control Officer, and,
if deemed necessary, his supervision.

7. Organization

The responsibility for the operation and maintenance of the facilities
for the disposal and storage of solid radioactive waste at the Oak Ridge
National Laboratory was assumed by the Operations Division in July 1973.
Direct responsibility is vested in the Hot Cells and Solid Waste Storage
Operations Department, with technical staff assistance being available
from the Development and Technical Assistance Departments of that Division.

Close liaison is maintained with the Radiation and Safety Surveys
Section of the Health Physics Division and with the Plant and Equipment
Division. The former provides health physics surveillance for the
operation, and the latter supplies craft personnel, heavy equipment
operators, truck drivers, laborers, etc., who perform much of the actual
work.

A chart showing the organization of the solid waste storage operations
is shown in Fig. 34.

In addition to the direct supervision provided by the Operations
Division, the solid waste. storage operations is under the surveillance
of the Division Safety and Radiation Control Officer and three of the
Laboratory Director's Review Committees.

A. Criticality Committee

The Criticality Committee has review and approval jurisdiction
over operations that involve the handling, storage, transportation,
and disposal of significant quantities of fissile material. The
fissile materials include the isotopes 235y, 233y, 239y and the
combined elements americium and curium. Approval for operationms
involving masses of the above materials in excess of the waste
disposal limits must be obtained in advance on a nuclear safety
review form submitted to the Committee. This form is initiated by
the requester of the operation, approved by his Division Safety and
Radiation Control Officer, and finally approved for a limited period
of time by the Committee.

Disposal of fissile material must be in accordance with the
procedures in the ORNL Health Physics Manuail with the approval of
the Committee.

The Committee acts in many respects as a consulting group and
gives assistance in problems involving criticality. It also conducts
an annual review of each facility or balance area possessing signifi-
cant amounts of fissile material to ensure that approved procedures
are being followed.
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ORNL—-DWG 74-8150

OPERATIONS DIVISION

Division Supt.
HOT CELLS AND SOLID WASTE
LABORATOAY REACTOR STORAGE OPERATIONS DEVELOPMENT AND
FACILITIES OPERATIONS DEPARTMENT TECHNICAL ASSISTANCE
DEPARTMENT DEPARTMENT DEPARTMENTS
Depertment Supt.
1
| 1
SOLID WASTE STORAGE
SAFETY AND RADIATION OPERATIONS HOT CELLS
CONTROL OFFICER OPERATIONS
Supervisor
PLANT & EQUIPMENT FOLIDWASTE STORAGE HEALTH PHYSICS
DIVISION DIVISION
Forsman
T
!__._ 9
1
CRAFT PERSONNEL 1
Heavy Op Heuith Physics
Truck Drivers, Laborers, Other Surveyor

Fig. 34. Organization chart for Hot Cells and Solid Waste

Storage Operations.

B. Radioactive Operations Committee

The Radioactive Operations Committee reviews Laboratory facilities
handling or processing significant quantities of radioactive materials
and the practices used in disposal of solid, liquid, and gaseous
radiocactive waste. The Committee is particularly concerned with
proper containment, complete and accurate operators' safety analyses,
detailed operating procedures, and possible interactions (chemical,
mechanical, or procedural) that might lead to unplanned exposure or
contamination.

All new radiochemical facilities or processes are reviewed prior
to operation; existing facilities are reviewed whenever changes in
purpose or scope are proposed. The more important facilities are
reviewed by the full Committee at intervals of one to three years,
even though no changes in purpose or scope have been made or requested.
Frequency is dependent on the magnitude of the operation and the
hazard involved.
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C. Transportation Committee

The Transportation Committee is an ORNL standing committee
appointed by and reporting to the Director. Serving on the Committee
are specialists in the fields of stress analysis, inspection tech-
niques, shielding, heat transfer, criticality, and transportation
regulations. The Committee, on its own initiative or at the request
of ORNL management, reviews all safety aspects of any phase of
operations involved in the transfer of radiocactive or fissile
materials from one ORNL facility to another or one ORNL group to
another, as well as shipments made offsite from ORNL. The Committee
reviews casks used for intra-Laboratory transportation, and also such
details of shipments as tie-down practices, vehicles used for trans-
port of casks, inspection procedures, loading and unloading procedures,
and any other procedures necessary for the safe transportation of
radioactive materials.

The Committee also reviews accidents or incidents involving
transportation of radioactive materials when they feel such reviews
might produce useful information.

The conclusions and recommendations are summarized in reports
to the Laboratory Director and to the appropriate Laboratory Division
concerned.
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PART II. SAFETY ANALYSIS

1. - Introduction

The policy of the Oak Ridge National Laboratory is to conduct its
operations in a fashion that will ensure the control of all potentially
harmful effects to persons, to the environment, and to facilities and
equipment. The operations associated with the storage of solid waste
are carried out in accordance with this policy.

The potential hazards that accompany these operations fall into two
general categories: hazards to the personnel engaged in the operationms,
hereinafter called "operational hazards;" and potential hazards to the
general public, which for convenience are designated as "environmental
hazards." Operational hazards include the ordinary industrial safety
hazards that accompany any excavation, hauling, or lifting operation
and also contamination, radiation, and criticality hazards that may
arise because of the peculiar nature of the material being handled.
Environmental hazards are due almost exclusively to the radioactive or
fissile nature of the waste, but in rare instances, could be caused by
ground burial of nonradioactive chemical wastes. In nearly all cases,
the wastes are "passive" in the sense that the toxic material stored
does not possess a high potential for rapid energy release. This fact
constitutes an important distinction between the hazards associated
with a chemical reprocessing plant or a nuclear reactor and those asso-
ciated with radioactive waste storage.

In this review the contamination, radiation, and criticality hazards,
in particular those with an environmental connotation, are of most con-
cern. However, the ordinary day~to-day operational hazards are most
likely to result in real injury, and for completeness, some attention
will be directed to these problems.

2. ORNL radiation protection and safety policy

A. Radiation protection policy

The radiation safety policy of the Oak Ridge National Laboratory
is specifically set forth in Section 1.1 of the ORNL Health Physics
Manual.! This policy requires that all operations be conducted in
a manner which ensures that radiation exposures to personnel will be
maintained at a reasonably low level and will in no case exceed the
standards established by the U.S. Atomic Energy Commission; and that
every effort will be made to perform the work in such a way that
losses of material and equipment as a result of contamination will
be minimized. Moreover, environmental contamination must be main-
tained at as low a level as possible, consistent with sound operating
practice. In no case should environmental contamination outside the
controlled area be permitted to exceed the maximum permissible con-
centragion values applicable to individuals residing in uncontrolled
areas.

i e v e e g ey im m ia me e i st e s
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B. Safety policy

As stated in the Introduction, the policy of the Oak Ridge
National Laboratory is to conduct its operations in a way that will
ensure the control of all potentially harmful effects to persomns, to
the enviromment, and to facilities and equipment. The specific ob-
jectives of the ORNL safety policy are contained in a document entl-
tled, "The Safety Program of the Oak Ridge National Laboratory,
and are designed to fully satisfy the safety requirements of AEC
Manual Chapter 0550 (Appendix G). The ORNL safety policy includes
the requirements that all activities be conducted with the lowest
reasonable risk of personal injury or property loss, that all work
be performed in accordance with Laboratory safety regulations and
designated national codes and standards, and that all significant
accidents be investigated to determine their cause and to prevent
their recurrence.

C. Implementation

(1) Operational safety
Implementation of these policies is regarded at ORNL as a

line organization function, and direct responsibility for the
operational safety of the solid waste storage activities rests
with the supervision and personnel of the Operations Division.

" The division safety officer represetns the division in matters
of safety and at the division level, discharges the responsi-
bilities designated by the division director. Members of the
Health Physics and Safety Section of the Health Physics Division
are responsible for auditing Laboratory safety practice, and
are available to advise the Operations Division on the safe
conduct of its work. The Manager for Laboratory and Persomnel
Protection represents the Laboratory Director in all safety
matters; and with the aid of the Radioactive Operations Committee,
the Criticality Committee, and the Transportation Committee
conducts periodic audits and reviews of the procedures and practices
utilized by solid waste storage operations.

(2) Environmental safety

Although protection against environmental hazards is also
basically a line organization function, the implementation of
enviromental safety precautions is treated in a Laboratory-wide
manner because of the complex nature of the problem. Appropriate
procedures and guidelines have been developed to ensure that all
of the Laboratory operations remain well within the limits set
forth in AEC Manual Chapter 0524, Standards for Radiation Pro-
tection (Appendix H).

In order to ensure that solid waste storage operations are
carried out in a manner consistent with these limits, the pro-
cedures and practices are reviewed and audited by the Safety
and Radiation Control Department, the Committees named above,
and, in some cases, the Health Physics Division, the Environmental
Sciences Division, or by special groups convened to examine par-
ticular problems.
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Offsite monitoring for the presence of radioactive materials
is carried out by the ORNL Health Physics Division’ with the
assistance of the ORNL Environmental Sciences Division® which
also carries out special studies to determine the effects of
radioactive effluents on the local environment. Routine onsite
monitoring is handled by the Laboratory Facilities Department of
the Operations Division.

3. Operational hazards

A.

Radioactive
(1) Radiation and contamination hazards -

Radiation hazards to personnel engaged in the disposal of
solid wastes are generally of two types: direct radiation,
usually electromagnetic in character, that results from activa-
tion or contamination of the waste material; and contamination
that may be transferred from the waste material and pose a hazard
as a result of ingestion or inhalation, or by direct contamina-
tion of the skin and clothing. Contamination with alpha-emitting
material is generally considered most dangerous because of the
high energies involved; and because if unaccompanied by beta-
gamma radiation, alpha particles are frequently difficult to
detect.

Protection against direct radiation and contamination is
provided for by strict adherence to standard procedures designed
to ensure proper packaging, shielding, and handling of the waste.
These procedures delineate the methods to be used in various
situations and specify the type of protective clothing to be worn
and the kind and extent of radiation monitoring required.

In particular a radiation work permit or equivalent is re-
quired in advance of any work assignment where an individual
might receive a radiation dose in excess of 20 mrem/day to the
body or 300 mrem/day to the extremities, or where the individual
will encounter airborne radioactivity greater than MPC_ for a
40-hr week. Special approvals are required where radiltion or
contamination may be in excess of these values (Procedure 3.6
in ref. 1).

The radiation work permit shown in Figs. 35a and 35b is author-
ized by the member of supervision responsible for the work being
done, and must be certified by a representative of the Health
Physics Division. As can be seen, the permit describes the
location and the job, contains information concerning the type
and magnitude of the radiation hazard involved, and specifies
the precautions and necessary protective equipment and monitoring
instruments required. In addition, all personnel involved in
waste storage operations are required to wear film badges,
personal dosimeters, and pocket meters. The pocket meters are
read daily by the Radiation Monitoring Section of the Health
Physics Division.
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The procedures followed to prevent direct radiation exposure
and contamination during the waste handling operations have been
described in Part I and will not be repeated here. However, in
general, the overriding precept is constant vigilance and sur-
veillance by direct supervision and by the individuals performing
the work, all of whom have received training in radiation safety.
In many cases assistance is also provided by members of the
Radiation Safety and Surveys Section who are present whenever
potentially hazardous operations are in progress.

(2) Criticality hazards

Criticality is prevented by strictly limiting the amount of
material to be handled in a single package or disposed of in a
given storage facility. The quantities of fissionable material
that may be stored in a single container (Table 1) were estab-
lished so that an infinite array of containers would be safely
subcritical. Bulk material containing less than 1 g/ft3 of
fissionable material may be safely stored in a semi-retrievable
fashion because it is sufficiently dilute so that no possibility
of criticality exists.

Note that the foregoing restrictions on criticality apply
strictly to combinations of the more common fissionable nuclides;
namely, 235y, 233y, and 239py, Certain of the transuranium
isotopes such as 242Mpn . 245y and several of the californium
isotopes are known to have very small minimum critical masses?
(Appendix I). In the past, there were not sufficient quantities
of these materials in existence to present a potential problem,
however, with the increasing utilization of nuclear power plants,
more and more of these nuclides are being accumulated, and interim
guidelines for handling them have been developed (Appendix B).
This problem, of course, is not restricted to the solid waste
storage operations, and the ORNL Health Physics Manual will be
updated to include recommended mass limits for all fissionable
isotopes.

In any case where a question regarding criticality safety
exists, or where for some reason the specified limits must be
exceeded, the problem is submitted to the ORNL Criticality
Committee for review and recommendations.

(3) Neutron sources

Occasionally, neutron-emitting wastes must be stored. Usu-
ally, these wastes consist of fissile alpha transuranium wastes
that contain trace amounts of the neutron-emitting '"even-even"
nuclei. As described in Part I, these materials are normally
handled by utilizing shielded containers that reduce the neutron
emission to levels sufficiently low to meet the requirements of
ORNL radiation protection policy.

Certain materials such as beryllium and deuterium emit neu-
trons when exposed to high energy sources of electromagnetic
radiation. When possible, these photoneutron sources are dis-
assembled prior to disposal; however, when this is not feasible,
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they are appropriately shielded prior to handling and transpor-
tation to the SWSAs. Health physics and supervisory surveillance
requirements similar to those employed in handling other radio-
active wastes are observed.

Industrial

The normal industrial hazards that accompany the solid waste

storage operation are similar in character to those associated with
an operation involving excavation, lifting, hauling, and the employ-
ment of heavy construction equipment. As is the case with radiation
induced hazards, protection is afforded by constant vigilance and
surveillance by direct supervision and by the individuals performing
the work, all of whom receive training in the fundamentals of indus-

trial safety.

The policy of ORNL is to prevent personal injury and property

damage by maintaining standards of safety consistent with national

codes and standards.

particular application to the solid waste disposal operation:

AEC Manual Chapter 0550 — Operational Safety Standard
AEC Manual Chapter 0522 — Industrial Fire Protection
ORNL Standard Practice Procedure 16 — Safety Standards
ORNL Standard Practice Procedure 17-D — Laboratory Emergency
Planning and Evaluation
ORNL Standard Practice Procedure 35-B — Industrial Health
Series
ORNL Standard Practice Procedure 55-D — Fire Prevention and
Control
ORNL Safety Manual
Occupational Safety and Health Act, in particular, Sections 1910
and 1926 ’
Plant and Equipment Division Safety Manual
Plant and Equipment Division Procedures:
‘M.3.4 Solid waste disposal cask — TRU facility
M.3.6 Handling and transfer of shielded carriers
M.3.9 Qualification tests for industrial operation of
. 1ift trucks )
Inspection Engineering Manual:
Section 1. Inspection of purchased material
Section 9. Visual inspection
Section 10. Upgrading materials
Section 14. Inspection of testing and hoisting equipment

As a result of vigorous prosecution of its safety program,

the Laboratory has achieved in the past, and continues to achieve,
an outstanding record of industrial safety. This record is graph-
ically illustrated by the statistics given in Table 3.

The following list contains the standards having
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Table 3. Comparison of disabling injury frequency rates of ORNL
(from time of operation under contract with Union Carbide),
NsC,% and AEC

Year ORNL NSC AEC

1948 2.42 11.49 5.25
1949 1.54 10.14 5.35
1950 1.56 9.30 4.70
1951 2.09 9.06 3.75
1952 1.39 8.40 2.70
1953 1.43 7.44 3.20
1954 0.79 7.22 2.75
1955 0.59 6.96 2.10
1956 0.55 6.38 2.70
1957 1.05 6.27 1.95
1958 1.00 6.17 2.20
1959 1.44 6.47 2.15
1960 0.94 6.04 1.80
1961 1.55 5.99 2.05
1962 1.45 6.19 2.00
1963 1.55 6.12 1.60
1964 1.07 6.45 - 2.05
1965 2.34 6.53 1.80
1966 0.64 6.91 1.75
1967 0.50 7.22 1.55
1968 0.13 7.35 1.27
1969 0.27 8.08 1.52
1970 0.76 8.87 1.28
1971 0.61 - 1.31

National Safety Council (NSC), all industries.

4. Environmental hazards

The primary purposé for disposing of solid waste by storing it below
grade is to effectively remove it from the environment. While ground
burial does accomplish this purpose over the short term, there is growing
concern over the eventual fate of the extremely long-lived radionuclides.
Consequently, the current practice is to store these long-lived materials
in a retrievable fashion pending the development of a more permanent
method of storage. '

As described in Section 1, the solid waste storage areas are located
within the ORNL reservation on land owned and controlled by the U.S.
Atomic Energy Commission. The reservation is fenced, provided with appro-
priate warning signs, regularly patrolled, and prohibited to the public.
Some areas of SWSA-5 are individually fenced with woven fabric as is all
of SWSA-3. A request for funds to provide security fencing for SWSA-6
has been submitted.
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Current practice is to grade and seed with grass those portions of
the SWSAs that have been closed. Trees and underbrush that might send
roots into the closed trenches are removed, and the area is posted to
indicate its character (Fig. 36). Hence, with the exception of some
seepages discussed later, the land surface is essentially free of
contamination.

While the radiation level at the top of an open trench or auger hole
may be as high as 200 mR/hr, the trench or auger hole is backfilled until
the maximum radiation reading above the closed facility is 3 mR/hr or
less. Usually, the actual radiation level from closed facilities is
much lower.

.PHOTO 1209-74

PRI 5N

Fig. 36. Portion of SWSA-4 after closure.

The level of radiation in the aisles within the aboveground storage
building is held to less than 10 mR/hr. Occasionally, containers with
"hot spots' of varying levels are received. When these containers can-
not be shielded with other containers in the building, special arrange-
ments are made to reduce the radiation intensity to the appropriate level.

In any case, the SWSAs are all regarded as regulated, radiation, or
contamination zones as appropriate (Appendix C) and are posted as such.
Hence, there is little, if any, danger of a direct hazard to the public
as a result of the presence of buried waste in the SWSAs.

e ———
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With three exceptions, no significant amount of rapidly available
stored energy is associated with the waste. None of the material is
under pressure; it is essentially chemically inert; and the possibility
of inadvertent criticality is prevented by the precautions described in
Part II, Section 3(C)(2).

The exceptions involve the disposal by ground burial of small
quantities of contaminated lubricants such as cutting oil and vacuum
pump lubricant and the practice, now largely discontinued, of burying
alkali metals. In addition, small quantities of pyrophoric materials
such as metallic zirconium and magnesium must occasionally be disposed
of. All of these materials are disposed of in separate trenches or
holes at a sufficient distance from other trenches to prevent any
interaction, should an energy release occur.

Waste material stored in a retrievable form in auger holes or
aboveground in SWSA-5 is within a fenced security area. The capped
auger holes are shielded, when necessary, to reduce the direct radiation
in their vicinity to an acceptable level, and the material stored above-
ground in Building 7823 is controlled to meet health physics requirements.
Thus, as in the case of the below-grade storage, these aboveground
wastes which are located at least 1000 ft from the nearest public access,
do not present a direct hazard to the public. .

Aside from the commitment of about 150 acres of land for the SWSAs,
the only environmental hazards which arise from this operation are
associated with the possibility that the contaminated waste material
may in some way be conveyed from its present location and find its way
into the environment. With respect to the buried material or that
located in auger holes, one obvious way this could occur is by water
seepage, which could carry either entrained or dissolved radionuclides
into the White Oak Creek watershed and then to the Clinch River.

Another is as the result of an earthquake of sufficient magnitude to
severely disrupt the land surface in the vicinity of the SWSAs.

The material stored aboveground could be dispersed by a storm of
sufficient violence to destroy the integrity of the containers, or
again, by an earthquake. Once the containers are ruptured, the radio-
active material could be dispersed either by water runoff or in some
instances, it might become airborne.

The remainder of this review will be devoted to a discussion of the
possibilities and consequences of such events and to recommended
methods of dealing with them.

A. Seepage
Currently, the only off-area environmental effect that can be

attributed to the SWSAs results from groundwater seepage that
carries dissolved or entrained radioactive material into White
Oak Creek. The radionuclides involved are 3H and 9%sr.

Tritium has been observed at the mouth of White Oak Creek for
many years. The annual quantities delivered to the creek since
1964 are shown in Table 4. Starting in 1967 there was a dramatic
increase in the quantity delivered to the creek. This increase
was investigated and the evidence? indicated that the tritium
originated in shipments of material received from Mound Laboratory
prior to 1967. This waste material was disposed of in SWSA-5.
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Table 4. Radioactivity discharges to White Oak Lake
attributed to seepage from solid waste storage areas

Quantity (Ci/Year)

Year Tritium® Strontium-90?
1964 1,930 3.36 '
1965 1,160 3.48
1966 3,100 1.92
1967 13,270 2.76
1968 9,690 1.92
1969 12,250 1.33
1970 9,470 1.35
1971 8,950 1.19
1972 10,600 (1060)° 1.97
1973 15,050 ( 760)¢ 2.19

Arotal entering White Oak Lake from all sources.
bDifference between sampling points 1 and 3.

cNumbers in parentheses represent contribution from
main branch of White Oak Creek. .

Recent investigation indicates that this is indeed the case. Samples
taken in Melton Branch at sampling point 4 and at sampling point 2
on White Oak Creek indicate that 90% of the tritium is coming

from Melton Branch (Fig. 37), and the quantity originating upstream
from the junction of the two creeks is of about the same order of
magnitude as that observed for the total prior to 1967.

Although rather large quantities of tritium are being discharged
to the Clinch River, this problem is not regarded as acute at this
time. Taking into consideration the mean river flow of 4200 cfs,

a discharge of 1 Ci/year from White Oak Creek represents a mean
concentration in the river of 2.67 x 10710 pCi/ml. The most
restrictive guideline value for tritium in water® is 1073 uCi/ml.
Hence, an annual discharge of nearly 40,000 Ci/year would be
required to produce a concentration in the river which exceeds 1%
of the guidelines. As can be seen from Table 4, the current rate
of discharge is well below this figure.

As a result of differences discovered in the amount of 30Sr
transported past sampling point 1 and sampling point 3, the conclu-
sion was reached that small quantities of 90sr (Table 4) are being
leached from SWSA-4. This leaching is believed to be caused by
the fact that SWSA-4 is located very near to the water table and
the contents of some of the trenches are saturated during periods
of high rainfall. Note, however, that there seems to be no obvious
correlation between monthly rainfall and the amount of 90gy
delivered from this source. On the other hand, there is a linear
relationship between monthly creek flow and 905y delivered as shown
in Fig. 38. This relationship implies that the 305r concentration
in the creek from this source is essentially constant.

e e
SE TR T T . e
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Fig. 38. Apparent 905y contribution to White Oak Creek from
SWSA-4 (June 1971 - March 1974).

Again, this seepage is not regarded as a serious problem. The
most restrictive value in the concentration guides (Appendix H)
for 90Sr in water is 3 x 10”7 pCi/ml. Hence, about 11 Ci/year are
required to reach 1% of this value in the river. At present, the
discharge rate is of the order of 1 or 2 Ci/year.

Despite the fact that seepage does not comnstitute an environ-
mental hazard at this time, the Laboratory instituted a study of the
problem in the summer of 1973. This study, conducted by the Environ-
mental Sciences Division, has the objectives of determining the
specific contributions from the various -potential sources of radio-
activity discharged to the Clinch River, and of seeking methods of
reducing them. Results of the study which is expected to extend at
least through fiscal 1975 cannot be included in this review but will
be published separately.

_Among the preliminary findings is the very strong implication,
based upon preliminary sampling, that there is no significant
seepage of 90gr from SWSA-1, -2, -3, or -5. SWSA-6 has not yet
been examined. Except for SWSA-5, the SWSAs contain little or no

tritium.
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B. Natural disasters

Aside from the seepage problem, which could of course be exacer-
bated by heavy rainfall, the only possible spontaneous causes of
significant environmental hazard are from naturally occurring events
such as fires, floods, tornadoes, or earthquakes.

(1) Fire

Much of the waste stored by burial below grade consists of
wood, paper, cloth, and other combustible materials. Once the
storage trenches have been backfilled, these materials no longer
present a fire hazard; however, during the period when the
trench is in active use prior to filling, a fire hazard does
exist, and care is taken to prevent ignition of the material.
The ordinary precautions associated with operation within a
contamination zone are sufficient to reduce the hazard of fire
to an acceptable level.

In the past, a few instances of either combustion or rapid
oxidation of waste have occurred as a result of inadvertent
mixture of the waste with strong oxidizing agents such as nitric
acid. This dinteraction is accompanied by the emission of fumes
from the trench, but is readily extinguished by immediate
backfilling of the area involved. Consideration is being given
to methods of preventing such occurrences.

' The material stored in a semi-permanent fashion in auger
holes or aboveground is essentially noncombustible.

One other source of hazard is the occasional storage of
pyrophoric materials such as relatively finely divided metals,
particularly such metals as zirconium and magnesium, Under
certain conditions, these metals are known to undergo rapid
spontaneous oxidation that can result in the rapid release of
substantial quantities of energy. Handling of such materials is
rare; but when necessary, they are packaged in containers approved
individually by both the ORNL Fire and Safety Departments,
handled as a special individual shipment, and stored in a section
of the SWSAs sufficiently far removed from all other material
so that there is no possibility of interaction. Such materials
are covered with earth immediately after they are placed in
the trench.

Uranium and plutonium metal are also pyrophoric; however,
they are virtually never disposed of in the SWSAs. Any require-
ment for such disposal would require special approval by the
appropriate committees (Part I, Sectiomn 7).

As pointed out previously, the disposal of alkali metals
by burial has largely been discontinued; however, should such
burial become necessary, precautions similar to those described
above would be taken.

The Laboratory has a resident fire department on duty 24
hr/day, trained to handle the type of emergencies that could
arise and adequate to handle any foreseeable situation.
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(2) Floods
Based on data supplied by the Tennessee Valley Authority,10

the maximum probable flood in the area in which the SWSAs are
located could reach an elevation of 768.5 ft, which is below

the minimum elevation of the bottom of the lowest trench. Thus,
a flood would not be expected to directly affect the SWSAs. The
precipitation necessary to cause such a flood would, however,
aggravate the seepage problem described in Part II, Section 4(A).

(3) Tornadoes

Below-ground storage, once backfilled, is essentially invul-
nerable to high winds even of tornado force. The same is true
of the material stored in auger holes.

The greatest hazard that could result from a tornado would
be a funnel passing directly across an open trench that had not
yet been backfilled. In this circumstance, some contaminated
material could be scattered over a considerable area; however,
the likelihood of this is small,

A study of tornado occurrences in Tennesseell indicates
that the incidence of this type of storm in the broken terrain
characterizing the immediate vicinity of the Oak Ridge Natiomnal
Laboratory is quite rare, although numerous tornadoes have
been reported in the broad valleys southwest and northeast of
the area (Fig. 39 and Key to Fig. 39).

On May 2, 1953, at approximately 3:30 a.m., a small tornado
passed through the AEC Reservation on a track which brought it
to within two or three miles of the SWSAs. This is the only
recorded case of such a storm on the reservation during its 30
years of existence. Based upon a relationship developed by the
U.S. Weather Bureau,12 the expectation that a tornado would
strike a given point in the ORNL vicinity is approximately once
in 2500 years.

The only other SWSA facilities vulnerable to tornadoes (aside
from office buildings) are the aboveground storage buildings
(7823 and 7824) currently being used for retrievable storage
(see Part I, Section 4A). Use of Building 7824 for storage of
radiocactive material will be discontinued in the near future
and the material now stored there disposed of below grade.

Building 7823 is protected because most of the structure is
placed below grade, with only the overhanging saddle roof exposed
(Part I, Figs. lla and 11b). A tornado would undoubtedly remove
this roof, either in whole or in part, because of its aerodynamic
properties, and deposit it in some nearby area. The steel structure
of the building, because of its anchorage below grade, would remain
intact. This remaining structure and the below-grade position of
the stored drums offer protection similar to that provided by
western prairie storm cellars from the vortex-induced forces.
Scattering of the drums within the shelter will take place, and
conceivably some drums might be ruptured by impact with the steel -
structure or the side walls of the below-grade shelter. Because
of the presence of the steel fencing located in the roof and the
fact that the drums are palletized, the drums would probably not
be transported outside the building.
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Key to Fig. 39

Tornado tracks whose lengths were 15 miles or longer

“Number Date Location Length
(miles)
1 1917, May 27 Entered Tennessee near Chic, Dyer Co. to NW Henry Co. 80
2 May 27 Trenton, Gibson Co. into Carroll Co. then northeast
to Stewart Co. 90
3 May 27 Finger, McNairy Co. to Lebanon, Wilson Co. 130
4 1921, Mar. 24  SE Maury Co. to SE Murfreesboro, Rutherford Co. 40
5 Apr. 16 Cornersville-Palmetto area, Marshall Co. to
Readyville, Rutherford Co. 50
6 Dec. 23 Entered Tennessee NW Shelby Co. to SE Covington,
Tipton Co. - 33
7 1923, Mar. 11  Chester Co. into Madison Co. 15
8 1925, Mar. 18 MW Gallatin, Sumner Co. into Kentucky 23
9 Mar. 18 College Grove, Williamson Co. to Walterhill, Ruther-
‘ford Co. . 20
10 1932, Mar. 21  SE Lewis Co. to Trousdaie Co. 90
11 Mar. 21 Entered Tennessee SE Lawrence Co. to Scott Co. 180
12 Apr. 25 Locke-Rosemark area, Shelby Co. 16
13 1933, Mar. 14 Across Nashville, Davidson Co. to Lebanon, Wilson Co.
into-Smith Co. 40
14 1935, Mar. 25 Rutherford Co. into Cannon Co. 15
15 1936, Apr. 5 E Hardin Co. to near Columbia, Maury Co. 65
16 1938, Mar. 15 First observed at Hales Point, Lauderdale Co. into
WW Gibson Co. - 30
17 1939, Jan. 4  Near Silerton, Hardeman Co. into Henderson Co. 40
18 1940,-Mar. 2 Huron, Henderson-Co. to Slayden, Dickson Co. 80
19 Nov. 11 Crockett Go: into Weakley Co. 32
20 1942, Jan. 1 SE Clarksville, Montgomery Co. to Robertson Co. 15
21 Mar. 16 Huntingdon, Carroll Co. to NW Stewart Co. 45
22 Mar. 16 W Selmer, McNairy Co. across Chester and Decatur Co.
into Humphreys Co. 95
23 1947, Jan. 29 Haywood Co. : 15
24 1952, Feb. 13 E Giles Co. to Grundy Co. 60
25 Feb. 29 McMinn Co. 15
26 Mar. 21  Unionville-Newbern area, Dyer Co. 18
27 Mar. 21 Entered Tennessee SE Rossville to near Moscow,
Fayette Co. 20
28 Mar. 21 Gibson Co. to Carroll Co. 30
29 Mar. 21 Bolivar, Hardeman Co. to Chesterfield, Henderson Co. 50
30 1953, Mar. 14 Across Madison Co. 25
31 Mar. 14 NE Hardeman Co. into Chester Co. . 25
32 Mar.-14 Across Haywood Co. into Madison Co. 25
33 Mar. 22 NW Lauderdale Co. to Dyersburg-Newbern area, Dyer Co. 30
34 1955, Mar. 5 Wilson Co. into DeKalib Co. 20
35 1956, Feb. 27 White House-SE Portland area, Sumner Co. 15
36 1957, Jan. 22 Across S Nashville, Davidson Co. into Wilson Co. 15
37 Nov. 8 Fentress Co. 15
38 1959, Mar. 26 Alto, Coffee Co. to Altamont, Grundy Co. 20
39 1961, May 8 Vicinity Logan Lake, McNairy Co. to Enville,
Chester Co. 20
40 1962, Feb. 23  Near Henderson to Jacks Creek in Chester Co. 15
41 1963, Mar. 11 S Collinwood, Wayne Co. to near Bodenham, Giles Co. 30
42 Mar. 11  Marion Co. (New Hope to Segquatchie) 15
43 Mar. 19 NE Orlinda, Robertson Co. to ESE Portland, Sumner Co. 15
44 1964, Mar. 4 Counce, Hardin Co. to Clifton Junction, Wayne Co. 29
45 1967, Mar. 12 Greene Co. 15
46 1968, Apr. 3 Millington, Shelby Co. to Covington-Gift area,
Tipton Co. ’ 25
47 1970, Apr. 24 Memphis-Capleville area, Shelby Co. 18
48 Apr. 27 Montgomery-Cheatham Co. line to New Zion, Macon Co. 62
49 Nov. 19  Clarksburg-Bruceton area, Carroll Co. 15

Source: Reference 11
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Funds have been requested to replace Building 7823 with a new
below-grade structure, and the material stored in 7823 will be
moved to the new storage facility as soon as it is completed.

" The new Retrievable Waste Storage Facility, Fig. 40, has been
designed for resistance to the AEC Design Basis Tornado (DBT)13
to the following extent:

The building walls are protected from wind loading by earth
backfill to a sufficient height to withstand DBT wind loading.

The roof system is designed so that end spans of the roof
panels will blow out when subjected to internal pressure or wind
uplift loading of approximately 1 psi. These "blow out panels"
constitute approximately 257 of the roof surface and should
provide sufficient venting so as to preclude internal pressure
buildup significantly greater than 1 psi. The roof framing
system is designed to withstand a uniform uplift loading of
approximately 2 psi before failure.

In the event of a "hit" by a DBT with 360 mph winds and
+3 psi pressure differentials, a high percentage of the troof panels
would probably be removed either by wind loading or by pressure
differential. However, analyses indicate that the roof framing
structure would remain intact and would provide a barrier for
stored drums that might tend to be ejected into the air stream.
The top and bottom purlins will be staggered to provide a minimum
clear space between roof framing members of less tham 2 ft.

Since the drums are 25 in. in diam, a purlin spacing of 2 ft
would not allow free passage of an ejected drum. The probability
of a drum becoming airborne is reasoned to be extremely remote.

In a recent study undertaken for the purpose of determining
tornado risks and design wind speeds in the Oak Ridge area,

J. R. McDonaldl* has concluded that the probability of wind speeds
exceeding those of the DBT is about 3 x 10-7 per year and that

the probability of wind speeds exceeding 130 mph is about the
same as the tornado frequency calculated above using Thom's!2
method. It would appear, therefore, that the proposed building

is completely adequate to protect against the effects of wind

and pressure.

The only credible occurrence that could cause the release of
any of the contaminated material from the new Retrievable Waste
Storage Facility would be penetration of the roof by a missile
having sufficient kinetic energy to rupture one or more of the
drums and subsequent entrainment of some of the contaminated
material in the air stream.

The total quantity of fissile-alpha material contained in
these drums is less than 4 kg or an average of about 6 g per drum.
In general, the material in the drums consists of contaminated
trash, such as paper, glassware, rubber, plastic, etc., so the
material released would not form an aerosol and hence could not
become an inhalation hazard. Moreover, because of the low level
of activity present, it would not likely become a direct radia-
tion hazard. On the other hand, the random dispersal downwind
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of small quantities of contaminated trash could pose a contamina-
tion hazard that, while not widespread, would be difficult to
locate and clean up. .

" Because of the random and unpredictable nature of tornadoes
and other violent storms,!® making a rational quantitative pre~
diction of the area over which the contaminated material would
be dispersed is impossible; however, because of the nature of the
terrain and the fact that in most cases tornadoes move from south- -
west to northeast, the debris would probably be carried northeast
along either Bethel or Melton Valley. In this direction, the
distance from the facility to the nearest populated area is more
than 7 km.

The foregoing conclusions apply also to the present

retrievable storage building (7823) with a somewhat higher prob-
ability of occurrence; however, as has been pointed out above,
the use of Building 7823 for storage will be discontinued as soon’
as the new structure is completed.

(4) Earthquakes
The Oak Ridge reservation is located in an area of moderate

earthquake damage (Zone 2). As can be seen from Fig. 41, the
reservation is about midway between the :Zone 3 areas of more

~ significant damage that are centered around Charleston, South
Carolina, and Memphis, Tennessee. These areas are about 400

miles from Oak Ridge.

Data on earthquakes prior to 1900 are extremely fragmentary;
there is only one reported shock with an epicenter within 100
miles of Oak Ridge and an intensity greater than V (modified
Mercalli scale) for this period.16 Since 1900, there were 15
reported shocks with an epicenter within 100 miles of Oak Ridge
and an intensity of V; three shocks of intensity V-VI, seven
shocks of intensity VI (a few instances of fallemn plaster or
damaged chimneys), three shocks of intensity VI-VII, one shock
of intensity VII (damage negligible to buildings of good design
and construction), and no shocks of intensity greater than VII.
The one shock of intensity VII occurred on March 29, 1913, and
had an epicenter near Knoxville, Tennessee. The nearest recorded
earthquake with an intensity greater than VII occurred in January,
1905, and had an epicenter near Gadsden, Alabama, 170 miles away.
This shock was of intensity VIII (damage slight in specially
designed structures and considerable in ordinary buildings).

The Oak Ridge area has experienced a recent earthquake
(November 30, 1973). The epicenter was about 30 miles southeast
of the ORNL site with an intensity of IV-V. The intensity at
ORNL was estimated at about IV and there was no observed damage.
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Fig. 41. Seismic risk map of the United States.

The only structure in the SWSAs that could be involved in
a significant way if an earthquake occurred is the aboveground
storage building (Building 7823). Conceivably, the building
could collapse, the drums could be scattered within the building,
and a few might open and spill their contents. However, this
would only present a local contamination problem that the Labora-
tory emergency organizations are well experienced in handling.

An earthquake by itself would have no significant effect
on underground conditions, although horizontal displacements
could conceivably do considerable damage to the auger holes
and make retrieval of the waste difficult.

For important changes to take place, faulting would have to
occur. Faulting that accompanies a truly major earthquake may
involve large vertical displacements. In hard brittle rock,
large faults of this type may shatter the rock along the fault
plane and make a highly permeable pathway. In soft rock such
as shale, the rock along the fault is ground to powder, and
the fault trace is impermeable. The trace of the Copper Creek
thrust fault, which is about 230 million years old, was inter-
sected at a depth of 1360 ft during a drilling operation. The
fault plane was represented by 2 to 3 ft of finely crushed
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shale, quite impermeable, and showed by the lack of alteration
or the deposition of any minerals such as calcite that no

water had ever moved along it. Even an earthquake accompanied
by faulting would thus be quite incapable of forming a permeable
channel through the shale underlying the SWSAs. Therefore, a
major earthquake would not cause the SWSAs to become a serious
environmental hazard; however, considerable cleanup and repair
work might be required.

5. Conclusions

The foregoing review shows that operation of the solid waste storage
areas at the Oak Ridge National Laboratory presents no significant
hazard to the public, nor, as the record shows, has it resulted in any
significant safety hazard to the personnel involved in the operation.
Despite this, there are a number of areas that require attention. These
areas are under examination and, where feasible, appropriate steps will
be taken to correct them.

(a) The study of seepage is being pursued to identify those con-
ditions that may result in a hazard and to develop methods to cope

with these conditions. This study will be extended to develop positive

routine surveillance methods.

(b) At present, the composition of nearly all of the waste received
is identified only by the originator. Operations personnel at the
SWSAs have no facilities for opening and checking the packages, nor
is such a procedure desirable or practical at this time. Methods
for strengthening procedures for classifying and identifying wastes
are under study.

(¢) Because continually increasing quantities of transplutonium
elements, some of which have extremely low minimum critical masses,
are being generated, a review of the Laboratory's safety regulations
regarding these materials is under consideration and comprehensive
procedures to prevent any possibility of inadvertent criticality
involving them will be developed.

(d) While burial of slightly contaminated waste is undoubtedly the
quickest, cheapest, and perhaps safest way to remove it from the
environment, the procedure is wasteful of land because it utilizes
a very large area for the storage of a very small amount of radio-
activity. Efforts to develop volume-reducing processes are being
pursued.
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PART III. APPENDIXES

_ For convenience, a number of documents that are relevant to the
solid waste disposal operations have been reproduced and collected as
Appendixes so that they are available for reference.

A UCN Standard Practice Procedure D-5-15 and ORNL Supplement D-5-15,
Waste Management and Environmental Pollution Control.

B ORNL Health Physics Manual, Procedure 5.1, Disposal of Solid
Radioactive Wastes.

C ORNL Health Physics Manual, Procedure 2.7, Radiation Control
Zones.

D ORNL Health Physics Manual, Procedure 2.4, Source, Special
Nuclear, and Special Materials Controls.

E USAEC Manual, Chapter 0511, Radioactive Waste Management, and
USAEC-ORO Manual, Chapter OR-0511, Radioactive Waste
Management.

F ORNL Safety Manual, Procedure 2.4, Hoisting Equipment.

G USAEC Manual, Chapter 0550 and Supplement, Operational Safety
Standards, and USAEC-ORO Manual, Chapter 0550, Operational Safety
Standards .

H USAEC Manual, Chapter 0524, Standards for Radiation Protection.

I  Excerpt from ORNL CF-72-6-16, Estimated Safe Mass Limits for
Actinide Isotopes.
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UCCND STANDARD PRACTICE PROCEDURE D-15-15 AND ORNL SUPPLEMENT D-5-15,
WASTE MANAGEMENT AND ENVIRONMENTAL POLLUTION CONTROL
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D SERIES
STANDARD PRACTICE PROCEDURE NUMBER
UNION CARBIDE CORPORATION D-5-15
NUCLEAR DIVISION pate March 15, 1973 R
L PAGE 1 OF 3 L

=

SUBJECT: WASTE MANAGEMENT AND ENVIRONMENTAL POLLUTION CONTROL

5-15.1 MANAGEMENT OBJECTIVE: To exercise a continuous program of surveillance over UCC-ND
operations and to establish safeguards against environmental pollution consistent with or more
stringent than the requirements of established standards which assure that installation personnel,
the general public, and the environment are protected against hazardous material.

5-15. 2 RESPONSIBILITIES:

a, Each Installation:

1. Sees that every potentially significant pollution source is identified and its output of gaseous,
liquid, or solid waste is measured in terms of concentration and quantity.

2. Requires that immediate remedial action is taken to correct any adverse trends in environ-
mental quality resulting from plant operations.

3. Appoints an Installation Environmental Control Coordinator to serve in a liaison capacity
between the Installation and UCC-ND Management, and to coordinate the Installation pollu-
tion abatement and monitoring programs.

4. Provides for review and approval by the Environmental Control Coordinator of all actions
which may have an environmental impact.

5. Ascertains that employees are familiar with established Standard Practice Procedures relating
to all aspects of effluent control applicable to the functions for which they are responsible.

6. Reviews operating practices to determine if operating procedures can be revised to reduce
or control emissions.

7. Initiates studies for resolution of pollution problems where the nature of the effluents and
quantities involved indicate problems that cannot be resolved by revising operating
procedures.

8. Defines contaminant limits for each type effluent to assure total installation compliance
with pollution control regulations as referenced in this procedure.

’

Identifies areas where development work is required for pollution abatement or monitoring.

w

10. Effects monitoring of the quantities and concentrations of materials released and reporting
of data as required.

11. Assures that moniiorlng and reporting systems are adequate to define actual or potential
pollution of the environment.

12. Maintains adequate records on significant effluents within the installation.

13. Provides for review of the design, acquisition, and installation of required pollution control
equipment.

14. Prepares periodic analysis reports as required by UCC-ND Management and the AEC.

b. Office of Safety and Environmental Protection:

1. Serves in a liaison capacity between Installation Environmental Control Coordinators and
the AEC and/or other official regulatory bodies on all matters relating to waste management
and environmental pollution control.

2. Collects, collates and evaluates four-plant environmental data and coordinates the prepara-
tion of reports for UCC-ND Management and as required by the AEC.

APPROVED BY
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D SERIES
A GMBER —— STANDARD PRACTICE PROCEDURE
D-5-15 UNION CARBIDE CORPORATION
DATE March 15, 1973 R NUCLEAR DIVISION
PAGE 2 oF 3 N R i o o _
SUBJECT: WASTE MANAGEMENT AND ENVIRONMENTAL POLLUTION CONTROL R

5-15. 3 APPLICABLE STANDARDS: Airborne or liquid effluents shall be controlled in accordance with the

provisions of the AEC Manual Chapter 0510, "Prevention, Control and Abatement of Air and Water
Pollution"; Chapter 0511, "Radioactive Waste Management"; Chapter 0513, "Effluent and
Fnvironmental Monitoring and Reporting"; Chapter 0524, »Standards for Radiation Protection”;
other related requirements in the AEC Manual; the applicable policies and guidance of local,
state, and Federal regulatory bodies including the Environmental Protection Agency (EPA); and
UCC~-ND Standard Practice Procedures.

5-15.4 DEFINITIONS:

a.

Effluents. (As used in this procedure) Refers to liquid and airborne waste streams which are
released to the environment and does not include solid wastes nor waste streams which are
contained or stored.

. Air Pollutants. Refers to dust, fumes, gases or radioactive emissions discharged to the

atmosphere.

Water Pollutants. Refers to thermal, radicactive, or otherwise contaminated liquid or liquid-
bome solid wastes discharged to the environment.

Solid Waste Disposals. Refers to burial grounds (radiocactive, toxic, and sanitary landfills),
quarry disposal operations, steam plant ash disposals and general waste disposals.

Burial. Refers to a form of warehousing or permanent storage requiring some degree of
perpetual care and may be categorized as an effluent source only when seepage or leaks occur.

5-15. 5 MONITORING:

d.

b.

Effluent Monitoring. Effluent monitoring is conducted to provide adequate measurement of )

liquid and airbome effluents as a basis for:

1. Obtaining data on the quantities and concentrations of pollutants released to the environ-
ment for the purpose of evaluating the adequacy and effectiveness of containment, effluent
treatment methods, and overall effluent control.

2. Determining compliance with applicable effluent control limits or release standards, includ-
ing self-imposed standards designed to assure compliance with in-plant standards or guides.

Environmental Monitoring. Environmental monitoring is conducted to provide adéquate measure-
ments of pollutants in various environmental media as a basis for:

1. Obtaining data on the quantities and/or concentrations of pollutants in the environment for
the purpose of evaluation and control of environmental impact.

2. Determining compliance with applicable environmental standards.

3. Detecting environmental trends related to plant operations which could result in unacceptable
environmental effects.

Monitoring Locations. Measurements of effluents are made, insofar as is practicable, at the
point of final release to the environment; that is, after all engineered process waste treatment

and effluent controls have been effected. Contributing sources may also be monitored to permit
easier identification of the sources of significant releases and to facilitate corrective measures

at the proper locations. In those instances where liquid wastes are released on-site and may

be subjected to additional on-site modification {(e.qg., dilution, decay, self-purification,
decomposition) effluents are monitored at the point at which public access is no longer controlled,
i.e., at the physical boundary of the site, |

APPROVED BY
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D SERIES
STANDARD PRACTICE PROCEDURE TV
UNION CARBIDE CORPORATION D-5-15
NUCLEAR DIVISION oate  March 15, 1973
PAGE 3 OF 3

SUBJECT:

WASTE MANAGEMENT AND ENVIRONMENTAL POLLUTION CONTROL

5-15.5 c.

MONITORING: (Continued)

Environmental measurement locations are determined by the location of population centers,
probable points of maximum and average concentrations, critical pathways in the environment,
and requirements for base line or background data. The extent of coverage is based on hazard
potential, type of material released, quantities and concentrations of materials released,
specific local public interest or concern, and the extent and type of utilization of affected
off-site air, land, and water,

Type and Frequency of Sampling. Sampling frequency and type are determined by considering
the purpose(s) for which the data are being obtained and the chemical and physical parameters
of the pollutants involved, i.e., evaluation of the effectiveness of waste treatment and control,
compliance with applicable standards, reconcentration factors -in the environment, pollutant
half-life, and exposure mode.

Gross radioactivity measurements are appropriate only when specific radionuclide concentra-
tions are very low or when it is impossible or impractical to identify or estimate specific
radionuclide concentrations by other measures.

Monitoring Data Record-Keeping. The flow rate and the specific pollutant concentration in

each effluent stream are determined and recorded in the units in which the standards are
expressed. Descriptive information regarding the physical and chemical form of the radionuclide
or pollutant, detection limits, points of release, receiving streams and other pertinent descrip-
tive information are included as necessary to interpret the data.

5-15.6 CONTROL:

a.

Effluents. Each liquid and gaseous effluent stream is examined with a view toward reducing the
quantities of pollutants discharged to the lowest practicable levels.

Emphasis is placed on those measures which will result in the greatest reduction in the quantity
of material being released. Primary attention is given to those materials which tend to persist
in the environment and/or are of greater biological significance including all transuranic
elements and specific elements such as Strontium 90, Cesium 137, Cobalt 60, etc.

Solid Waste Burial Sites (Radiocactive). Each installation maintains a map of burial sites and a
fecord Of avallable information on the kind and quantity of materials buried in each trench or
grave. Each site is. periodically monitored to determine the adequacy of effluent containment.

.c. Disposal of Solid Waste (Other Than Radioactive). Waste disposals must be controlled within

the established standards shown in AECM Appendix 0510 and other applicable Federal, State
* and plant regulations.

5-15.7 REPORTING REQUIREMENTS: The Environmental Control Coordinator at each installation will

coordinate the preparation of reports as required by the AEC or UCC-ND Management. Each report
will be submitted to the Office of Safety and Environmental Protection for review, evaluation, and
submission to the AEC.

5-15. 8 PROCEDURE: Procedural statements, if required, are contained in the installation supplement to
this procedure.
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STANDARD PRACTICE PROCEDURE NUMBER
UNION CARBIDE CORPORATION D-5-15
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PAGE L oF 3
SUBJECT: WASTE MANAGEMENT AND ENVIRONMENTAL POLLUTION CONTROL N

5-15.2 RESPONSIBILITIES:

a. Each Division:

1. TIdentifies all of its potentially significant pollution sources,
informs the Installation Environmental Control Coordinator of
these sources and arranges with him to establish necessary mon-
itoring systems for the gaseous and liquid effluents from those
sources.

2., Takes immediate remedial action to correct adverse trends in
environmental quality resulting from its operatioms.

3. Ascertains that employees are familiar with established Standard
Practice Procedures relating to all aspects of effluent control
applicable to the functions for which they are responsible.

4. Reviews operating practices to determine if operating procedures
can be revised to reduce or control emissions.

5. Initiates studies for resolution of pollution problems where the
nature of the effluents and quantities involved indicate problems
that cannot be resolved by revising operating procedures.

6. Informs the Installation Environmental Control Coordinator of
planned new projects or modifications to existing facilities which
could effect environmental quality.

b. Health Division, Industrial Hygiene Department:

1. Defines the limits for nonradioactive contaminants in effluents to
assure total compliance with pollution control regulations as ref-
erenced in this procedure.

2. Measures the quantities and/or concentrations of nonradioactive
pollutants in various environmental media which may result from
airborne or liquid effluent releases, maintains adequate data
records and reports these data to Laboratory Management and the
Laboratory Environmental Control Coordinator.

3. Determines, with the assistance of the Laboratory Environmental
Control Coordinator, the nonradioactive pollutants to be monitored
in effluents and environmental media and the location and frequency
of measurements.

4. Prepares periodic analysis reports on nonradioactive, environmental
pollution as required by UCC-ND Management and the AEC.

c. Health Physics Division, Radiation Monitoring Sectionm:

1. Defines the limits for radioactive contaminants in effluents to
assure total compliance with pollution control regulations as ref-
erenced in this procedure.

APPROVED BY
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suBJECT: WASTE MANAGEMENT AND ENVIRONMENTAL POLLUTION CONIROL N

2. Measures the quantities and/or concentrations of radioactive pollutants
in various environmental media which may result from airborne or liquid
releases, maintains adequate data records and reports these data rou-
tinely to Laboratory Management and the Laboratory Environmental Control
Coordinator.

3. Determines, with the assistance of the Laboratory Environmental Control
Coordinator, the radioactive pollutants to be monitored in the effluents
and environmental media and the location and frequency of measurements.

4. Prepares periodic analysis reports on radioactive, environmental moni-

toring as required by UCC-ND Management and the AEC.

d. Installation Environmental Control Coordinator:

1.

Coordinates the Laboratory's pollution abatement and monitoring programs.
Serves as liaison between the various ORNL groups involved in pollution
control, ORNL Management, and UCC-ND Office of Safety and Environmental
Protection.

Determines, with the assistance of the Health Physics Division and the
Health Division, the pollutants to be monitored in effluents and envi-
ronmental media and the location and frequency of the measurements.

Identifies areas where development work, additional monitoring equipment
and changes in waste disposal practices are required for pollution abate-
ment.

Maintains adequate records on significant effluents within the instal-
lation.

Reviews or provides for review of the design, acquisition and installation
of required pollution control equipment.

Coordinates and expedites the preparation of analytical reports on the
Laboratory's effluents and environmental monitoring as required by UCC-ND
Management and the AEC.

e. Environmental Sciences Division:

1.

2.

Receives information from the Laboratory Environmental Control Coordinator
on proposed projects which may have a significant effect on the environ-
ment and advises him as to the nature and extent of the potential environ-
mental impact of the proposed project or the need for considering various
alternatives before proceeding with the work requested.

Prepares and/or assists in preparing environmental impact statements for
projects initiated by other divisions as requested by those divisions.

f. Operations Division:

1.

Monitors radioactive and nonradioactive pollutants in final effluents
and internal waste streams as directed by the Laboratory Environmental
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2.

3.

Routinely reports internal monitoring and effluent discharge data
to ORNL Management, Laboratory Environmental Control Coordinator,
Health Physics Division, Health Division, and divisions responsible
for the discharges.

Prepares periodic analysis reports om radioactive and nonradioactive
effluents as required by UCC-ND Management and the AEC.

g. Plant and Equipment Divisiorn and Engineering Groups:

1.

Inform the Laboratory Environmental Control Coordinator of all
regular and blanket work orders received for projects which may

have a significant effect on the environment and obtain his ap-
proval of the projects before proceeding with the work requested.
These projects will include design and/or construction of new pro-
cess equipment which may release pollutants into the air and surface
streams, landscaping and earth moving work which may pollute streams,
and work on White Oak Creek and its tributaries which change the
course of those streams.

APPROVED :Y
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ORNL HEALTH PHYSICS MANUAL, CHAPTER 5.1
DISPOSAL OF SOLID RADIOACTIVE WASTES
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Number 5.1

Page 1 of 8 Pages
Issued 3/14/74

Supersedes Issue Dated 10/19/70

DISPOSAL OF SOLID RADIOACTIVE WASTES

POLICY

It is the policy of the Oak Ridge National Laboratory to dispose of solid radioactive
waste by land burial or to store fissile alpha solid wastes in a retrievable state in
approved storage areas. The handling, collection, disposal, and storage operations
are to be in compliance with the Code of Federal Regulations, AEC Manual Chapters,
and Laboratory procedures. ‘

DEFINITIONS

For disposal purposes, solid radioactive wastes at ORNL are divided into four cate-
gories: general radioactive waste, fissile alpha waste, fissile non-alpha waste, and
mixed waste. .

1. General Radioactive Waste - Solid waste which is neither "fissile alpha® nor
“fissile non-alpha" as defined below. In general, this waste will contain beta-

gamma activity and/or non-fissile alpha activity (such as Po, Th, Ra, &3y, etc.).

For disposal purposes, gener’al radioactive waste is divided into two categories:
low=-level radioactive waste and high-level radioactive waste.

(@) Low-Level Radioactive Waste - General radioactive waste packaged in an
approved container with the transferable contamination on the outer surface
meeting the requirements of Procedure 4.1 of the Health Physics Manual and
where the radiation reading at contact with the outer surface of the package
is less than 200 mR/hr.

b) High-Level Radioactive Waste - Same as the low-level radioactive waste
except that the radiation reading at contact with the outer surface of the
unshielded package exceeds 200 mR/hr.

2. Fissile Alpha Waste - Solid waste which exceeds a concentration of 10 pCi/kg of
alpha activity which is associated with fissile isotopes. This includes the trans-
uranium isotopes and **°U,

3. Fissile Non=Alpha Waste - Solid waste which contains one gram or more of
essentially non-alpha emitting fissile isotopes (normally 2251) regardless of con-
centration or which exceeds a concentration of 1 gram of the fissile material per
cubic foot regardless of the amount.

4. Mixed Waste - Solid waste containing two or more of the above three types of
radioactive waste.
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The methods of handling waste are considered as either routine or nonroutine.

1. Routine Handling - This method of handling involves the various operations that
are outlined in standard operating procedures.

2. Nonroutine Handling - This method involves operations that cannot be done accord-
ing to standard operating procedures and require special arrangements.

LIMITATIONS

. This procedure applies to disposal of solid radioactive wastes only. Burial of liquid
waste must be approved by Laboratory Protection and Safety.

RESPONSIBILITIES

1. Supervision

(@) Sees that all employees who have occasion to dispose of general radioactive
wastes and wastes containing fissile or fissile alpha material are properly
instructed in the requirements of this procedure and other procedures and pre-
cautions which may enhance the safety of disposal operations.

(b) Sees that necessary solid radioactive waste storage-pickup stations are estab-
lished for areas producing such waste and sees that each station is properly
designated and zoned in accordance with Procedure 2.7 of the Health Physics
Manual.

(c) Provides approved storage containers and miscellaneous supplies (polyethylene
bags, masking tape, etc.) at each storage=-pickup stafion.

(d) Sees that solid radioactive wastes for disposal are properly segregated, treated,
and/or packaged to contain loose materials and transferable contamination
before being deposited in approved secondary containers.

(e) Sees that each container of solid radioactive waste is properly surveyed,
inspected, and tagged with a "Radiation Hazard" (UCN-2785) tag before its
release from the local storage=-pickup area.

(f) Periodically inspects the waste containers for serviceability and disposes of
them when they are no longer suitable for use.

(@) Sees that appropriate radiation surveys and inspections are made of storage-
pickup areas and that corrective action is taken when faulty practices and/or
excessive levels of radiation or contamination are noted.
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Informs the Solid Waste Storage (SWS) area foreman in advance (four hours, if
possible) of any contemplated nonroutine disposal operations.

Initiates form UCN-2822 (Fig. 1) when disposing of other than low-level
radioactive wastes. If hazardous materials such as Hg, NaK, Na, Li, PCB's,
etc., are to be included in the disposal operation, these are to be noted on
the form with any special instructions and/or recommendations regarding the
handling and burial of such items.

Initiates form UCN=5917, "Request for Nuclear Safety Review", for Criti-
cality Committee approval if the waste content exceeds 1 gram of fissionable
material per cubic foot. :

Obtains approval, in writing, from Laboratory Protection and Safety for con-
signment to the SWS area of fissile alpha and fissile non-alpha wastes not
requiring a nuclear safety review.

Satisfies the requirements of the S. S. Accountability Office for the disposal
of SSN material. This requires the initiation of form UCN-2681, "Record of
SSN Transaction.”

Operations Division

(@)

(b)
(c)

Aids area supervision in establishing storage-pickup stations and provides
appropriate schedules for pickup of low-level radioactive wastes.

Provides containers where needed for waste storage-pickup stations.

Picks up, or arranges for the transportation of, waste from the storage-pickup
stations to the disposal site, assuming responsibility at the pickup point. Sees
that all solid radioactive waste packages have been surveyed for radiation
hazards before truck loading and transporting within the Laboratory premises
and during transfer from trains or other commercial carriers at the SWS area.

Assures that wgste containers are stored in a safe manner considering fire,
tomadoes, and other hazards.

Coordinates assistance required for waste handling and disposal operations.

Provides and ensures, within SWS area, the use of appropriate protective
equipment, Contamination Zone clothing, monitoring devices, change faci-
lities, and other supplies necessary for the control of personnel exposure and
the prevention of spreading of radioactive contamination.

Provides necessary access controls to Laboratory SWS areas.

Is responsible to see that a permanent file of engineering survey data regard=-
ing outer boundary lines of each SWS area is maintained.

Maintains adequate records of all disposals and of all storage locations.




94

Number 5.1

Page 4 of 8 Pages
Issued 3/14/74

Supersedes Issue Dated 10/19/70

3. Health Physics
(@) Formulates and recommends health physics standards and specifications for the
handling, monitoring, disposal, and storage of all solid radioactive wastes.
(b) Provides consultation, monitoring, and other health physics services for
disposal and storage operations and for the evaluation of possible waste move-
ment within and from burial areas.
(c) Assists in the preparation of form UCN-2822 (Fig. 1).
(d) In conjunction with Laboratory Protection and Safety, evaluates solid waste
disposal operations and new solid waste disposal facilities.
4. Environmental Sciences Division
(a) . Determines radioactivity movement from SWS areas and recommends methods
for stopping or preventing this movement.
) Evaluates proposed disposal areas from the standpoint of environmental,
geological and hydrological adequacy. .
REGULATIONS

Comprehensive

1.

Disposal and storage sites shall be selected with the advice and approval of
Environmental Sciences and Health Physics and in accordance with geological and
hydrological criteria.

Solid radioactive wastes shall be stored or disposed of only in established storage
and burial areas and in accordance with approved procedures.

Solid radioactive waste originating within the Laboratory, or accepted from other
installations, shall be handled on a current basis and shall not be allowed to
accumulate excessively.

Solid radioactive wastes shall be handled and disposed of in a manner that will
preclude the likelihood of fire, explosion, and/or a toxicity hazard.

Loose radioactive material shall be contained and transferable contamination made
nontransferable insofar as is practical by packaging or other approved means
before wastes are released for burial.

Radioactive wastes requiring radiation shielding (such as a lead cask) for safe transfer
to the SWS areas shall be considered as an operation requiring nonroutine handling.
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That is, disposals of this nature must have the prior approval of SW5 area super-"
vision.

Radiation surveys shall be performed by Health Physics prior to pickup of solid
waste for burial or storage.

Remote handling devices, special shielding, and other protective equipment shall
be utilized as required to minimize personnel exposure during waste handling and
disposal operations.

Beds of carrier vehicles shall be made leakproof for contamination control and
equipped with adequate shielding between the cab and truck bed for personnel
exposure confrol.

Carrier vehicles will be routed so as to offer the least hazard to Plant personnel
and interference with other Laboratory operations.

Personnel handling radioactive waste shall at all times wear their identification
film badges and any other personnel monitoring meters that may be required and
specified by Health Physics.

After each burial or storage operation, the personnel, equipment,-waste containers,
and vehicles involved shall be checked for contamination and decontaminated as
required.

Monitoring shall be performed as required both within and adjacent to each burial
area fo ensure the integrity of disposal operations.

Access to SWS areas shall be limited to personnel authorized by SWS supervision.

Disposal of large volumes of waste such as contaminated earth, building materials,
large equipment items, etc., shall be considered as an operation requiring non=
routine handling. Disposals of this nature must have approval of the Operations
Division with concurrence of Laboratory Protection and Safety.

The advance approval of Health Physics and Laboratory Protection and Safety
shall be required for the disposal of any solid radioactive wastes by incineration.

Classified burials must be approved by Laboratory Protection and Safety.

General Radioactive Wastes

Approved containers located at designated storage~pickup stations for general radio-
active wastes shall be yellow in color, leakproof, and equipped with tight=-fitting
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covers. These containers should be fitted with a plastic liner before any radioactive
material is placed in the can. When the contents of a container are ready for pickup
by SWS area personnel, the plastic liner should be tied securely prior to placing the
cover on the container. If the plastic liner can be damaged or broken, the cover
should be taped to the container and the container buried.

Fissile Alpha Waste

1. Normally, when radiation levels at the surface of the containers will permit,
fissile alpha waste shall be stored in one of the five types of containers listed
below. The amount of fissionable isotopes permitted in each container is also
shown. The average fissile alpha content may not exceed 5 g/cu ft nor may the
total fissile alpha content per container exceed 200 grams.

Type of Container Max. Amount of Fissionable* Material
30-gallon drum (stainless steel) 20 grams
55-gallon drum (stainless steel) 36 grams
Concrete cask (thin wall) 200 grams

Qutside dimensions - 51" OD x 7!

Inside dimensions - 42" ID x é'1"

Concrete cask (thick wall) 96 grams
Qutside dimensions - 51" OD x 7°

Inside dimensions - 27" ID x 4'10" .

Concrete cask (intermediate wall) 200 grams
Outside dimensions - 54" OD x 7'3"

Inside dimensions - 42" ID x 6'1"

*In this context, the term fissionable applies to the isotopes 233y, 2%%U,
and **° Py,

The above containers are Stores stock items and may be obtained from the Solid
Waste Storage Area, telephone 3-6356.

In those cases in which the above containers do not provide adequate shielding for
the radioactivity to be transported and/or stored, other containers may be used
subject to the approval of Solid Waste Storage personnel.

2. If at all feasible, burnable and nonburnable waste should be deposited in separate
containers. If this cannot be done, the percentage of burnable material should be
estimated and noted on the label. Containers must be labeled as follows: B (burn-
able, NB (nonbumable), or percent B.
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Fissile Non-Alpha Waste

].

3.

Solid waste containing fissile non-alpha isotopes will be disposed of by burial in

an area specifically set aside for this purpose. Bulk quantities of fissile non-

alpha waste, which normally would not inciude waste from cleanup operations or
contaminated equipment, will be disposed of in auger holes. Location coordinates,
including elevation, will be necessary for each such disposal. A maximum of 200
grams of fissionable material is permitted per hole. Auger holes must be spaced so
that @ minimum of three feet of earth exists between sides of adjacent holes. Holes
are to be capped and marked.

Burials of all bulk quantities of fissile non-alpha wastes exceeding 1 gram of
fissionable material per cubic foot must have the approval of thé Criticality Com-
mittee. This requires the inititation of form UCN-5917, "Request for Nuclear

Safety Review".

Form UCN=2681, "Record of SSN Transactions”, is required before fissile con-
taminated waste is disposed of by SWS area personnel.

Mixed Waste

Disposal or storage of mixed wastes (two or more types of radioactive wastes as listed
under Definitions) will be governed by the types of wastes contained within the mixture.
The appropriate measures will be taken for each type of waste in the mixture.

Record Keeping

].

Storage records shall be maintained. In addition to the requirements of Health
Physics Procedure 4.1, the receivers shall apply a permanent tag to each container,
radiation level permitting, which is referenced to a computer log. When the radi-
ation level is too great, the storage location (auger hole, etc.) shall be referenced.

The computer log for fissile alpha waste shall designate the Accountability Trans-
action Number, storage location, volume of waste, isotope(s) present, and amount
(grams) of fissile alpha material. A monthly computer print-out shall be sent to
Laboratory Protection and Safety.

The computer log for fissile non-alpha waste shall designate the Nuclear Safety
Review Number, storage location, volume of waste, isotope(s) present, and amount
(grams) of fissionable material. A monthly computer print-out shall be sent to
Laboratory Protection and Safety.
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AUTHORIZATION FOR STORAGE OF RADIOACTIVE-CONTAMINATED SOLID WASTE

REQUESTER: EXECUTES THIS SECTION BEFORE ARRANGING MATERIAL TRAMMSER

MATERIALS TO BE STORED

ISOTOPES PRESENT AND AMOUNT (GRAMS]
ORIGIN-BLDG. ‘]Secnou OF BLDG. TVPE OF CONTAINER ATN SNM
REMARKS - NSR
] TRANSURANIUM ] rFissiee [ nesrker
TELEPHONE STORAGE AREA FOREMAN PRIOR TO MATERIAL TRANSFER (EXTENSION 3-6356)
NAME BAOGE NO. BUILDING PHONE NO.
REQUESTER'S AUTHORIZATION
FOR DISPOSING MATERIALS DATE DIVISION DEPARTMENT ACCOUNT CHARGE

WAL Yo ST COMPLET 0 AT POINT GF ORGTE OF $0L (0 WASTE AND BEFORE TRANSFEN OFMATIRIAL

RADIATION LEVEL

BETA-GAMMA SHIELDED, mrem@ nches; UNSHIELDED, mrem @ inches.
NEUTRON READING mrem/h:.
SURFACE CONTAMINATION - BETA GAMMA d/minute Alpha

d/minute

HEALTH PHYSICIST MUST: [ ] ACCOMPANY SHIPMENT TRANSFER {_] BE PRESENT DURING STORAGE

REMARKS

HEALTH PHYSICS APPROVAL NAME DATE
FOR MATERIAL TRANSFER

RAREINAR STNNS COPY TO ORIUNATOR AFTER STORAGE

] , - SR K
REMARKS .
TRENCH NO. FFO FFT CF
WELL NO. FFY 3
8LDG. NO. N COMP. NO. CEVEL CF
SUPERVISOR'S RECEIPT NAME BADGE NO. OATE TIME
OF MATERIALS

DISTRIBUTION: WHITE « STORAGE AREA FOREMAN .
BLUE « RETURNS5 COMPLETED TO ORIGINATOR
CANARY -« RETAINED BY ORIGINATOR

UCN.2822
123 2.72)

Figure 1
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RADIATION CONTROL ZONES

POLICY

It is the policy of the Oak Ridge National Laboratory to maintain a program of continu-
ous effort to reduce the spread of radioactive contamination by confining it to the
smallest spaces possible and to establish zoned areas when the radiation dose rate or
radioactive contamination level is such as to necessitate special controls.

DEFINITIONS

1. Radiation Zone - An area where control measures are established to prevent or
minimize external radiation exposure to personnel.

2. Contamination Zone - An area where control measures are established to prevent
the contamination of employees, the environs, and/or equipment and where there
is the possibility that radioactive material may become deposited inside the body
leading to internal radiation exposure.

3. Regulated Zone - An area where operations are resiricted for the purpose of radio-
active contamination control. This zone may contain Radiation Zones, Contamina-
tion Zones, or both, ranging in size from a small spot to a large area.

4, Zone Control Signs - Standard signs used for the purpose of identifying zone
boundaries (see Procedure No. 2.3).

5. Contamination Zone Clothing and Equipment - Wearing apparel and equipment
provided by the Laboratory for use in a Contamination Zone (see Procedure No.
2.11).

6. Zone Portal - A designated point on the boundary of a zone through which entrance
to and exit from the zone should be made (see Procedure No. 2.9).

7. Contamination Zone Change Facility = A clothing change facility located within
a Regulated Zone and/or adjacent to a Contamination Zone portal (see Procedure
No. 2.10).

8. Contamination Zone Vehicle - A vehicle distinctly marked with Contamination and (R)
Regulated Zone signs and assigned for use in the transporting of contaminated mate-
rials or equipment within and/or between zoned areas.

l
[ U —
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9. Transferable Contamination ~ Loose surface contamination that can be easily rubbed
from the surface on which it exists or can be otherwise easily removed and trans-
ferred to other locations.

RESPONSIBILITIES

1. Supervision

(@)
()
)
(d)
(e)
(F)

@)

()

@)

Sees that all areas are surveyed by Health Physics as required and properly
zoned as specified in this procedure.

Establishes appropriate physical boundaries and necessary portals for zoned
areas (see Procedure No. 2.9).

Posts appropriate zone signs with up~to-date instructions pertaining to specific
requirements associated with each particular zone,

Provides a suitable Contamination Zone change facility for Contamination
Zone personnel with provisions for storage of personal effects where applicable.

Provides for a supply of required Contamination Zone clothing and equipment
for Contamination Zone use.

Provides for necessary monitoring equipment at each Contamination Zone
portal .

Provides necessary barricades, shielding, warning devices, contamination
zoned vehicles, and other materials and equipment reqmred for the administra-
tion of this procedure.

Establishes lunching facilities as required and in accordance with regulations '
specified by Health Physics.

Sees that all areas and operations under their supervision are released from
zone status when zoning is no longer required.

Health Physics .

Provides adequate Health Physics services such as personnel monitoring, building

and area surveys, exposure and survey records, consultation, and other assistance
as required for the prevention of radiation exposures and for the administration of
this procedure.

REGULATIONS

1. Each zoned area shall be defined and clearly marked with appropriate signs and
may include a portion or all of a room, building, area, or vehicle.
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2.

Specific regulations governing a particular zone shall be posted at the zone
portal or, when deemed more appropriate, in a conspicuous place immediately
adjacent to each access point to the zone.

Only those persons authorized by supervision shall be permitted to enter the Radi-
ation and Contamination Zones.

Regulated Zones may be established in any area wheve operational procedures are
such as to necessitate the simultaneous occupancy or use of Contamination Zone
and non-Contamination Zone personnel and/or equipment. The Regulated Zone
is accessible to all authorized personnel with restrictions only upon personnel and
equipment entering from Contamination Zones as discussed in paragraph 8 below.

Radiation Zones shall be established when it becomes evident that personnel are

being exposed to significant levels of ionizing radiation. Table 1 may be used as
a guide for specific action. ’ ’

Table 1. Guide for Establishment of Radiation Zones

R)

Dose~Rate Range

(rem/hr) Immediate Action Follow=Up Action
0.003-0. 006 Post low-level tags if the  Periodic Review
accumulated daily dose fo
personnel may be 20 mrem
0.006-1 Post warning signs or tags Rope off the area if the accu-
mulated weekly dose may be
1 rem
1-3 Post warning signs or tags; Erect a barricade which pro-
rope off vides absolute exclusion of
personnel. If the accumulated
Over 3 Post warning signs and tags weekly dose in the area may
‘ and erect barricades; lock be 12 rem, lock or block en-
and/or block all entries trance

Persons entering Radiation Zones will be provided with special instrumentation and

Health Physics surveillance as required. Where the dose rate is significantly high
special administrative approvals may be required. Table 1, "Guide for Planning
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and Authorizing Exposure to Specified Dose Rates", Procedure No. 3.2, will be
used in the establishment of requirements for entry into Radiation Zones.

7. Contamination Zones shall be established for a designated area when it becomes
evident that personnel and equipment within it and the environs surrounding it are
subject to becoming significantly contaminated with radicactive materials. Table
2 shall be used as a guide in the establishment of Contamination Zones. If the
specific contaminants are known, the values listed in Table 2 may be adjusted by
Health Physics in accordance with established practices.

Table 2. Guide for Establishment of Contamination Zones

Establish Contamination Zone when the limits listed below are exceeded:

Airborne . . Transferable
RIZ;P;;:) fn Contamination Surfc?;;eétasf::i;:gfion Surface Contamination
! (uCi/cc air) d/m/100 cm®)
Alpha 2x 10712 300 d/m/100 cm® 30
Beta-Gamma 3x 107° 0.25 mrad/hr 1000

NOTE: The alpha surface contamination levels given above are maximum values
and are derived primarily to serve as a guide where the contamination involves a small
area such as a singlé room or cell. When the contamination is extensive and involves
radionuclides such as 23°Pu or some other long-lived « emitter of comparable toxicity,
the alpha levels permitted should average no more than 1/10 of the above values.
More detailed information regarding Contamination Zones and Contamination Zone
controls is given in Procedure No. 2.5, Appendix A-3, and in various sections of
Appendix A-2. :

8. Entrance to and exit from a Contamination Zone will be made through specified
portals, except when the Contamination Zone is limited to the confines of a
Contamination Zone vehicle, in which case the regulations applicable to a Con-
tamination Zone vehicle will apply. Persons entering Contamination Zones will
be provided with special instrumentation, protective equipment, and Health Physics
surveillance as required. Personnel and/or equipment are authorized to leave a
Contamination Zone only when proved free of transferable contamination by
approved monitoring techniques.

v T PORHL TTEY TS P T e 7 Tt T AR wremm—— e e =
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9. Contamination Zone clothing and/or equipment will not be used outside a Con-
tamination Zone or a Regulated Zone except when used in conjunction with a
Contamination Zone vehicle following a prescribed route.

10. No lunchroom or lunching facility will be established within a Contamination
Zone.

11. Storage or preparafion of food and beverages, eating, smoking, and drinking are
prohibited in Contamination Zones except drinking from approved water fountains.
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SOURCE, SPECIAL NUCLEAR, AND SPECIAL MATERIALS CONTROLS
(From ORNL SPP Number 31-D, Rev. May 31, 1961)

POLICY

It is the policy of the Laboratory that source, special nuclear, and certain special
materials be made available to employees only as required for authorized operations
or experiments; that such materials be handled in accordance with related regulations
and that, wherever feasible, independent measurement determinations be made to
ensure proper conirol .

DEFINITIONS

(a)

-b)

(c)

d)

(e)

(F)

Source Material - Any material, except special nuclear material, which contains
by weight one-twentieth of one percent (0.05 %) or more of (1) vranium,
(2) thorium, or (3) any combination thereof. ‘

Special Nuclear Material = (1) Plutonium, uranium-233, uranium enriched in the
isotope 233 or in isotope 235, and any other material which the AEC, pursuant

to the provisions of Section 51 of the Act (Atomic Energy Act of 1954 as amended),
determines to be special nuclear material, but does not include source material;

(2) any material artifically enriched by any of the foregoing, but does not in-
clude source material .

SS Material - This term is used for accountability purposes. 1t includes both
source and special nuclear materials as defined above, and other materials such
as neptunium-237, materials enriched in lithium-6, deuterium, and tritium. The
SS Materials Accountability Representative should be contacted when information
on SS materials is required.

Routine Analysis (for purposes of this procedure) - An analysis having no signifi-
cant bearing on SS material balances.

Special Analysis - An analysis performed for verification of inventory or material
balance, material content being shipped from the Laboratory or received from
other installations.

SS Materials Accountability Office - Initiates procedures and supervises, in
accordance with existing AEC regulations, the source, special nuclear, and
special materials program at the Laboratory, especially in regards to: forecasting,
transfers, outside shipments, requests for materials, surveys, inventories,
accounting, etc.
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(g) Balance Area Representative - An employee appointed by his Division Director to
administer the SS Materials Program within an assigned division area.

(h) Criticality Committee - A committee established by Laboratory Management to
review and approve criticality safety in shipping, receiving, handling, storage,
and usage of Special Nuclear Materials, and to inform supervision of its findings.

LIMITATIONS

(@) All SS materials located in the ORNL X~10 Area shall be accounted for through
the ORNL SS Materials Accountability Office, Facility FZC. All materials
located in the ORNL Y-12 Area shall be accounted for through the Y=12 Uranium
Control Department, Facility FZB. Laboratory personnel located at Y-12 shall
adhere to Y-12 procedures relative to SS Accountability.

(b) Transfers between installations are prohibited unless approved by the AEC and
effected between the installations accountability offices.

RESPONSIBILITIES

(@) Balance Area Representatives shall supervise and record all transactions involving
SS materials in their balance area, and in accordance with requests of the SS
Materials Accountability Office.

(b) SS Materials Accountability Office shall be responsible for overall administration
of items outlined in Definitions (f).

(c) Analysis Requesters shall determine whether an analysis is to be considered
routine or special and request such as indicated under Analytical Request on
page 5.

(d) Analytical Laboratory Supervisors shall ensure that crossover of assay or different
types of SS material is prevented when unused portions of samples are retained
and stored in waste carboys for recovery purposes.

(e) The Criticality Committee shall:

(1) Approve all shipping containers, storage containers, and physical arrays
used for special nuclear materials exceeding the limits of Part (c) below.

(2) Approve the design and proposed operation of all processes and equipment
for quantities of special nuclear materials exceeding the limits of Part (c)
below.
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(3) Annually survey and review each balance area holding quantities equal to or
greater than those listed in Part (c) below.

REGULATIONS

(@)

®)

(c)

(d)

(e)

)

@

)

At no fime shall SS materials be removed from the ORNL X~-10 Area unless
coordinated through the SS Materials Accountability Office. .

All requests for Criticality Committee services shall be in writing and directed
to the chairman of the Committee.

Approval must be obtained from the Criticality Committee (Nuclear Safety Review
Request) prior to the receipt of fissile materials for any operation if the following
listed amounts are to be exceeded.

(1) 200 g 235U or 233U or mixtures thereof, but excluding the #2®U.in items
of natural or depleted uranium, or

(2) 200 g of the sum of the elements Pu, Np, Am, Cm, Bk, and Cf, or

(3) 5 g of the sum of the isotopes 23*Np, 2*2MAm, 243Cm, 3*®Cm, **"Cm,
249 Cf and 251Cf.

To avoid exceeding the quantities listed in Part (c) above, each new material
request shall show the quantity on hand in addition to the amount requested.

No internal transfers shall be made until it is established with the receiver and
the SS Materials Accountability Office that the materials on hand plus the mate-
rial to be transferred will not cause the receiver's inventory to exceed the amount
listed in Part (c) above. (See also, SS Accountability Procedures, Intra-Labora-
tory Transfers, Page 5 of this Procedure.)

All ORNL operating and storage areas shall be monitored periodically by Health
Physics for determination of radiation and contamination levels.

Health Physics surveys shall be made on all items of SS materials received or
shipped and appropriate warning tags affixed indicating the hazard.

Each package of SS materials shipped to a destination outside the ORNL X~-10
Area shall be packed and shielded in a manner which conforms with all Federal
regulations. (See also, SS Accountability Procedures, Shipping, Page 5 of this
Procedure.)

}
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(i) All SS and special materials shall be stored and safeguarded in accordance with
the Physical Security Standards outlined in the AEC Manual, Chapter 2401, and
the related AEC Appendix 2401-07, A through F. A copy of these standards is
maintained in the SS Materials Accountability Office and the Laboratory Pro-
tection Division Office.

(j) Storage and use of strategically important materials of a security interest in non-
security areas must have prior approval of the ORNL Security Department, which
will review the location and storage facilities to ensure compliance with all
current AEC security regulations.



Pages

2.4
of

e

5

7/27/70
Supersedes Issue Dated 7/1/65

Number
Page
Issued

113

#3133 VOLHIALQ Loldy
«222 WiTIOSCT Sy 4C 23450 Aipjiqoiuncs
=2¢ $JT132y §C S yBAOIY POUIDIQD §]
" 215000 I3y uD AQ papodR
910 3004y 01=X INYO 4

*oNHO
A31]1304ur022y S[O1IRIDW §§ BYi ©f PO
=1L0X 1 A)1]19DIUNDID 310)0q ‘sokeAng
2134y ooy o Ag padoasns puo ‘pefio
=%900 *pounsoow Apadasd usoq soy |0f 200w
Y4 10y4 INTUL 2ANDILRIMIIGY DRIy BOUD

=108 i ‘pejuoad 1 diys o) [pacaddo uoyy

*qusuxdiys 190340 of
3v wayy pospnbes Apiopno [ofseds sufoy
=G0 O1(0 8310 YL 8310 A|iqpiunod
=2y $|O1IBI0W S5 ey Aq spow 8q of Bi0

D327 O1=X TNYO O4iopitino yueudyys jpy *

4C DIUE SOLAIOW | I0uO) SO Juswd)yg ¢

*Buyppiodes u) petn 810
“1s0dey piog Jo21jovy “yéy=X puo “iseys
Aj1o] ‘Ey1Z=NDMN 93104 *[opeiow sy jo
.n_oue Sugmojjoy #|q1t00) D coo:oouEO

N9 v $jo!

=195§ DIV 40410 Wou) PAALOIRs ${O1RIOWSS °

*4DJop Inoy1m pensst 8q Lo
pInoys podas BulaLee) oy ‘wircy punodusod
U} PaA1830s (0100w JO A3020320 By; S8jLO

~JoNB Jou SOp 91 TIDIIPUY JO[(0F BY LI ¢

*(mofeq > u} uoydeaxs) fiodey Bujaied
=2y 844 Jo 0]d03 |jo UOPe}OI1PUL 9 P|NOYS
14010M [ONg2y  *SPOW UGSG SADY PEAIBes
{opeiow §O sUOLDUIWIRID IYBIaM [oUY |
“Un pIegyIm 89 pInoyt esoydand §5621p woy

Buyijnos sjolmiow g5 Lo spaodel BujAle>ey

“08J0 92U0

-

*44810m 329Yd tpiopuDis
§0 000uNg pe11IeD) Byl WOy SuoljoLIoA Buy
-pn|2uy 3110 Aitj190iun0dy 116130 0% S5
#44 0} Bupijodes puo Bupydeyda[ay) Josijnses
Hodos  pup juewdinbe BujyBjem @10y
~8p 8{0q] 0301 puO JJDdeJ 030 §|1m jUsurpiod
=80 HY1 *voysjalq wawdinby puo juoy ey
19 Wwewodag o} i0d]Iqo4 oyt A seomomy

A0 poyooyd 0q ||1M juewdinboe BujyBiesm *

*Hluow 4200 8310 Ajiqeiuncady sl
~81DWY §§ O 01 pO120d01 9.0 938} PUO 04D
[o4U03 Ajijonb Bugpn)ou ‘opow BupyBiom

%3942 Y08 UO pOUIDUIOW 810 tPIORY °

*BupyBlem 200 J04j0 PUD 810j0q epour 80
s_u:.u Yons *sjopmiowss BujySiomul pes

=104 of @30 o1 o 831 O A 119y
=3Y $[D10IOW SS SUI O} peIALIID 89 |{oys

D23 Ani120] 10 paatedes sjopiow S Iy *

10q {03144 ou0 jou) 1 [031 JO £:
-:_E!.ov o} 3jyS1em 29Y> ujouiow puo

ean3axd floys wAL R Uesesdoy Dexy eduojog O

*uoisjalq o
~DUIIOJUY [03]U1]3a] By} JOIO)301)(] #iO1>0tsY
o4 yifm pamejass aq pinoys Aoys ‘sysoder
Aiojueauy 5§ JO UCJDIY|5E0|I Sutuaiep Of *6

*poytiou Ao
-ipeww] 8q pnoys PO x::au:!oﬁ(

[olmiow S eyl 1 Y
9_:_3! $10] [oWIOU O) PEINGIIID Bq .o:ccu
PIym pesacotip 1) Acuodesstlp o Wy *
sjop
~ojop 100130\ |0}30dg Jo AsojuoAu] ‘caly
N 130) U0 peId 1 810 £1§{119) PUC JOqUR
~30) PUO SUN[" JO PUS By} iD x__ch-_Eo.
vexo) ®10 3{o} paysjung
204{0 10 ‘sypioe ex0s ‘wn)jileq ‘wn|woy
‘wnjuoaZ ‘wnipos JO $8I4UAU] |Od8AYs ¢
*3}10q A[{1UCL D UO UGKY) SO $8]104USALY
®0)’ joacudkdo sogid Yy m? Aow seaousng etiitg

-

- OPAIU] YI[yM 11304USAL] J0,/PUO S|opejOU

*uolisintey asoyang 4q 30 0310
Ai11qo1un0d2y sjopeiow §§ oy o) owow &g
94310 pojrenbos eq Aow sjopeiow peysiwng
{UewwsA0l 2410 40 /sypive 8104 fwnj|jheq
fwnjuoy ‘wajuoaiz ‘wnjpas sop ssenboy *>

*$|Dys0sow
2_. Joj sapio_ oty tox0doxd puo Kiessesey
10490 tRIYMIBO

§§ JO 20401 UwAU] J|ows BUADYSDOI0BIUD|DY *P

‘jeeysg uoliajaa|o) puo 111 bnz
~USAU| WNIIOINO() /4 £/ =X WI0) UO POPIOMIO)
IO W{IO{UOAU] WNLINGQ *4804S TUOYID|ND
=10 puo Aiojueau; jojseiowSS *£89€~-NDN
w0} Lo 831450 Aifj§GoIw0I3Y $|opeIoN 5§
1} 04 £118) PIOMIO) puo 111000 JONpIAIPUY
#{0p}|0tU0d WAOIUOsexiey DOy BdUDjOg *D

*93H0

Aiigoiueo33y 55 o4 of poujojde Ayjn; eq
__ci $UOJIOLIOA bo::;____ llv_*sepojueau

_3.._) :i_!B ven *1hoso tow :oe_i_ox
1095103 ©) SPOW BG PINOYIOIULIOY * 1904
oM Asoiuwaut Ajgiuon “9497-N DN wic uo

b:SEE_oou( .mo_.o.ui $S o4 o) pepiom
=~40) 8] 4sonbos ey /joacuddo uojsialp uadn *q

0§21 UOISIAL] Byi O @5u0s

«MDUO3 10§ BALIDIUOSEIIY DONY SDUD|OG 31y

DJA 1] $pIOMIO] PO ‘§[ofe{op 5§ Joj Isanboy
1LyZ-NDN uo 2401dwod 0jreabos eyy o
= Poywn4 3y

*1vews ddat INYO puo

Y Doy adun|og $iy) o) poysodes
x_o.o_voee_ :-39_ puo(mojeq puj suojides
~X® 903) YU Y00 JoAop J211; 8y} USNDI Bq
Jjoys’®|qoa1io03d soym *Aiojueau] jodjthyy q
100} Aiojuoau]
Him pejeqol -a Plnoys jopejow ety ‘e|qs
<09 JSAOUBLAL *1{013010W JO D48 BLYY o:_
pouogu} Apodasd oy,
boly @3unjog eyy deox isnul puo ._.o_auﬂ&
ey U} ROy 1105045} Pi|OA A|IUe N3 DUDY

‘111 40 )| ¥od *1~2-Q ddS 995 - o}

D ~Ujow 1w sjojmiougs Bulp{oY 1|ONpIALpY] ‘O

ONIJdIHS

ONIAIIDAY

ONIHOIIM YO4 TOUINOD ALIIVAD

ANIWNINOO¥d

SIHOINIANI WIISAHI

*8)R0IY $]C1I00W JOJ200Y

10193d5  ‘ZG0Z-NDN o) Lo popro3es

oq itnw s|o1eow [0}2edt Jo LejIULN |y *

*39pues sy Aq peimsoow 8q 3w

w0 YUD] 9yl Of $|0}XRI0W S JO SIysuoa] ¢

LU JBJ5UDL O UO UMOYS 8
11003 UOSORS B ¢ (0311200} $] JLWOMSDOUL
D JUSAS U] *1i0q 20 “0Atedes ‘seddiyt oY)
Jo1e Aq pesnsosw 3q ||oys s 92U0]oq

q sys0y 4q poay 101 ss *

*s0AY
-04u030:d0Y DOLY 32UD|0g BujAIR03 put Buy
=PUs OUt YOq 4q peudls 51 a1y ‘sejsucyy
3[O[RIDW [01%0d5 pUD ‘J0B|INN ‘83N05

“Trey-x1 uicy miejduos sawjmay eyy ¢

*93)0 Alfjtqoiunod
=9 ${O1VIDW S e4 4q peremy puo paYs]
~qnd 1 Ay ded JOIn|Y WAy,

-840y 0osy #30010g ioq yBeaiy pelou

-1pI003 930 LMoL Asojosoqoj-o4ut |1y *

nuny
-84 30/pun sjuowesinbe) Jjeys JO 10104
#3110 Aif1qoiun0day $IOLMION S§ 8Y3 OF
PIOMIO) PJNOLLS|BULOYD UOLIDNpaSd Of Lingel
o sjopojow 4os BujALy Jopuo s|o)miow

{o1oeds 1o sjopeiow 55 Bupnbes suosialg ¢

*sjouuoys Buirsed0sde) o4 Wnyel 305 93110
Atj1qoincdsy 1jopeioy 5§ sy oju) pausn}

®q A|joo]potsed pInoys 8450m pejojrwNdY *

“sosaxdng Kiajosoqoy |oatikjouy ey
YiiMm Sujowes o100 0w ey 405 Al {1qoyuncod0
¢ Aoynioqer) wy§ U1 poutoiea )] *Jejmoi sjols
~8ioW {0120d5 puo ‘108 |20 ‘8305 ‘Zyey
=X 1 w0y Aq pe1unduiodo 810 seisenbesey;
O} powInjel )} {02 jow jusuiele @ jqouoi )
§0 30w 0§ Loy S20w jo Buyisisuod sejdwos

1ov16120 jo woppsed pesnun puo mnpiwy *

ioeyg pod
<y 04 |03R4|ouy ey jo wolloq ey o pe
—Jojue #q jarwu :o:_x&.mv |oul4 *Josjasedng
& . doxdd,
qo) e2Lkjouy ey &g
Pesp)suUcd m sesodind Leacder 3. Aoqos
#§50m 0 U} pedo|d 10 Jojsenbes sesdjouo syt

0
Vot cumw A si0y5#.1q UOISIALG AJHCU [[o4s

°31)J0 A|ICIN0ITY SIOLRIOW S5 84l *0 {ouiBl0 jo sopod patiun puUD senprY *o

*pI021}p 10§ joacuddo eyt o) 82UBI0J9I AN B
MOUS 04D P|NOYSIBIRIN BY] *(01NqJOUCH
~020] 120%® 1M BUOD 81O BL} UO UMOYS
9 {[o48 440(0m JeuSS puD *ieu “0uo) ‘13018
04} “1{Uowesnsosw 03] U SO LIS ‘DlOp
ueulped Iy *aejsuoy ey pacoes o pasn
Buieq ‘seysucy sjoiseioyy o)oeds puo 0
=R, ‘820n05 ‘ZyLy-X L w0} Hilm puncul
1913nq oY1 o) epow eq |jimAjjousou prdsq *p
*uopisend u)
S|opeiowss ey jo uojijsodiip ey o Oupijim
U] seimnbes sy sei1iou 83130 Al |1 qoiunca
=2y $JO10IOW §S By ‘peacddo 0 LOOK Ty *>

‘o210 Aifltqe

¥ {05100 §S 841 04 [opeiop 5§ jO

a&._a o voyiaziogmy ) iobey ‘e/09
=NON uay uo nvaE 3} piongp jo jmnbery °q

o p 840 [O1 )00 JUBLS 16 Bqoud)sH§
§o sBu g uoyl 19| jo Bupinimod sodwot

3 A A
i° :o:o?le&s.._ 10»2&0 uo uodn Ao

Aioyueau] woy poacwes eq Aours|o)eicuss ‘o

*J)5uni] S|OPRIOW [0120ds puUo ‘001>
=M ‘8305 ‘Zygy-x | wic vo @314 Ailjiqo
¥ SIOLIOW §S oY) o4 popicdelsq jjoys
$1:4|0UD Jo§ oJsejow 8[NU (o)deds §o Slow
10 sBw 0g BujyBiemeidwoso Josejsuns) 131 ON

*#30 Ailj1qoiunoddy spapeiow 5§
oy o Jues 1 Adod puodesey) yiodey biog
12H#4jouy ‘=X wioj Jo Adoa uljey uo
o1 op sjnees il jovy *q

*ajdwos sy; tHim

Axjosoqa] 8y of pepIomIo) 810 ey puo

#u0 201d0) *93004|d 13 Uy pese|dwoo 3y 338k
~pouy [o4u0) 0 imenbey *40/8-NDN oy *0
= s{séjouy [ojoedg

. *Hodey oiog ook

={PUY ‘FELZ-NDN wiojjo £dod Juyy sysuo
o oip s goey q

o hwos

4 yim Quop Aojoioqay jostikjouy ey
o) pepomioy 53 £dod suQ) *sishjoun supncs
enbes o #03yjdnp U peyedwod 5y ‘5ythk
~lovy janue) Joj ivenbey ‘0141 =N wiog <o

- ythjouy eupincy

SYIIINVYL AVOLVIOEVI-VHINI

ONISYIIN03

SISATVYNY ¥213Y SITIWYS
40 SNOII¥Od Q3SNNN
anY 30015 JO NOILISOYSIg

STVI¥ILYW INEVIIAODIUNN
ANYIIWONQD3 ONIQYVISIQ

$153N0IY WYIHLATYNY

$33NA3D0¥d ALIIISYANNODDY §§

i

i







APPENDIX E

USAEC MANUAL, CHAPTER 0511
RADIOACTIVE WASTE MANAGEMENT

AND

USAEC-ORO MANUAL, CHAPTER 0511
RADIOACTIVE WASTE MANAGEMENT
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U.S. ATOMIC ENERGY COMMISSION
AEC MANUAL

Volume: 0000 General Administration
Part : 0500 Health and Safety

AEC0511-01
WMT

Chapter 0511 RADIOACTIVE WASTE IANAGEMENT

0511-01 POLICY

It is the policy of the AEC to manage radioactive
waste in such a manner as to minimize the radiation
exposure and associated risk to man and his
environment over the lifetime of the radionuclides.

0511-02 OBJECTIVE

To assure safe long-term management of all
radioactive waste generated by AEC operations and
of that radioactive waste which is delivered to the
AEC by licensed operations as required by
regulations.

0511-03 RESPONSIBLITIES AND AUTHORITIES

031 The General Manager approves the AEC
radioactive waste management plan submitted by the
Division of Waste Management and Transportation
(WMT) and determines compatibility of field office
waste management plans with the AEC plan if
questions as to compatibility raised by WMT are not
resolved by the Assistant General Managers
concerned.

032 The Director, Divsion of Waste Management
and Transportation:

a. is responsible for program direction and
fiscal control of the long-term management
of high-level radivactive wastes at AEC
facilities. .

b. is responsible for program direction and
fiscal control of all near-surface radioactive
solid waste burial grounds at AEC facilities,
and of engineered storage vaults at AEC
facilities for interim storage of solid
radioactive wastes from licensed activities.

¢. is responsible for program direction and
fiscal control of operations of Federal
repositories for the disposal or long-term
storage of radioactive wastes, to include:
developing, performing studies for,
designing, constructing, demonstrating, and
obtaining necessary external reviews and
approvals.

d.

coordinates the development and annual
updating of an overall plan for the
management of radioactive waste from AEC
operations.

calls for field office waste management’
plans, reviews them with advice of program
divisions, and determines their compatibility
with the overall plan.

exercises overall cognizance, coordination,
and review of waste management activities,
including the degree of progress in meeting
schedules and objectives, to assure
compliance with AEC policies and
requirements; cooidinates with appropriate
program divisions to assure that field office
waste management planning and budgeting
are consistent with the AEC overall plan.
develops, recommends, and promulgates
policies, guides, and requirements for
treatment and storage of liquid, solid, and
gaseous wastes at AEC facilities, including
the definition of categories of waste; assists
the Division of Operational Safety in the
development of safety policies, guides,
standards, and requirements for the release
of radioactive effluents to the environment.
determines or approves criteria and
specifications, including those relating to
packaging and transport, for wastes which
are to be stored in near-surface land burial
grounds or engineered storage vaults at AEC
facilities, or are to be stored in Federal
radioactive waste repositories.

prepares in cooperation with appropriate
field offices and contractor staff,
environmental assessments and statements
for major AEC waste management facilities,
in accordance with IAD-0510-29.

maintains: (1) central records of the
capabilities and capacities of AEC facilities
and Federal repositories for accepting,
processing, storing, burying, and disposing of
radioactive waste; and (2) central inventories
of radioactive waste being stored, buried, or
disposed of at AEC facilities and Federal
repositories. ’
provides program direction and fiscal control
of a research and development program for

Approyed: September 19,1973
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033 The

Safety:

a.

(1) techniques for long-term storage or
disposal of commercial and AEC high-level
waste; (2) compaction, incineration, or other
improvements in handling practices for
contaminated solid waste; and (3)
improvements in air cleaning or liquid
effluent treatment.

develops and defends budget estimates for
its waste management responsibilities and
activities, including facility requirements,
and exercises fiscal control over such
activities; provides staff assistance to other
divisions in the budget submissions of waste
management items for which they are
responsible.

provides advice on applicability or
interpretation of the provisions of this
chapter and approves exceptions, where
warranted, coordinating these actions with
appropriate Headquarters divisions.
sponsors and coordinates testing and
development of improved products and
systems (such as High Efficiency Particulate
Air Filters) for reducing to the lowest
economically and technically practical' level
radioactive material releases to the
environment.

with regard to the above assigned
responsibilities, acts as the General
Manager’s staff liaison and point of contact
with the Office of Regulation and with other
Federal, state, or local groups with regard to
activities concerning (1) AEC-generated
wastes and (2) commercially generated
wastes to be delivered to the AEC as
required by regulations.

Director, Division of Operational

develops, recommends, and promulgates
policy, standards, and requirements relevant
to (1) the protection of man and the
environment from radiation or
contamination, and (2) safety of systems
and system components used for controlling
radioactive material discharge to the
environment.

exercises overall surveillance, evaluation, and
appraisal of AEC site effluent and
environmental monitoring programs to
assure compliance with AEC safety
standards and policy relating to protection
of man and his environment in accordance
with AECM 0513. and coordinates such
monitoring programs with comparable
programs of other agencies.

Approved: September 19, 1973

034 Directors

in cooperation with WMT, evaluates
radioactive waste management programs to
assure that the AEC policy of controlling the
release of radioactive materials to the lowest
levels® technically and economically
practical is being implemented.

appraises the safety aspects of field office
waste managment programs and activities.
reviews waste management plans in relation
to their impact on man and the environment
and recommends any appropriate
modifications to the Director, Division of
Waste Management and Transportation.

- coordinates with appropriate directors of

program divisions prior to establishing policy
standards which may have a programmatic
impact. )

of Program Divisions,

Headquarters:>

a.

C.

consistent with programmatic
responsibilities and the provisions of sections
032 above and 044 below, provide direction
of operations involving radioactive waste
generated in their programs.

within programmatic responsibilities, may
provide direction and guidance consistent
with appendix part II for the preparation of
waste management plans to be submitted by
field office managers under 038(c).

review waste management plans -submitted
by field office managers relative to each site
at which they have programmatic
responsibilities, including related comments
of other program divisions. which have

“activities at those same sites, and consult

with the Director, WMT, concerning his
review function described in 032(e).

as requested by the Director, WMT, review
inquiries on the applicability or
interpretation of the provisions of this
chapter and requests for exemptions.
consult with the Director, OS, in matters
relating to policy, standards, and
requirements relevant to the protection of
man and the environment from radiation or
contamination.

035 The Director, Division of Naval Reactors,
assumes the same responsibilities as managers of field
offices for its respective program activities.

036 The

Director, Office of Information

Services, assumes responsibilities for waste generated
in connection with nuclear exhibits not under
direction of any field office manager.



RADIOACTIVE WASTE MANAGEMENT

119

AEC 0511-037

037 The Director, Division of Construction:

a.

develops or approves in conjunction with
WMT, and other concerned Headquarters
divisions, design criteria for facilities to be
constructed or modified for the purpose of
processing or storing radioactive wastes or of
controlling the release of radioactive wastes
to the environment.

reviews waste management plans relative to
their plannéd construction activities and
advises the Director, Division of Waste
Management and Transportation, on the
estimated costs and schedules and
conformance with design criteria.

038 Managers of Field Offices:

a,

assure that the relevant criteria in 044,
below, are followed in developing practices
for routine and emergency operations at
AEC installations under their jurisdictions
and that current practices, where differing,
are reviged to comply with the criteria.

refer questions as to applicability,
interpretation, or exemption from the
criteria (see 044, below) to the Director,
Division of Waste Management and
Transportation, through the appropriate
program divisions.

prepare and submit to WMT, with copies to
the appropriate program divisions, angually
updated waste management plans for their
sites, following the general guidance in
appendix 0511, part IL.

maintain suitable approval control over key
waste managment decisions of operating
contractors, such as the establishment or
major modification-of:

(1) operating limits for quantities or

concentrations of radioactive materials .

released to the environment.

(2) release locations and timing of releases.

(3) methods of treatment of effluents to
minimize release of radioactive
materials.

(4) methods of conversion of high-level
liquid waste for interim storage or
disposal.

(5) process flowsheets, to the extent that
they determine the quality or quantity
of wastes.

(6) methods of interim storage of solid
wastes.

assure that for AEC operational situations,

calculations related to burial/storage

operations include full cost, exclusive of

land, depreciation, added factor, and
perpetual care costs. For purposes of
comparative cost evaluations of solid waste
burial or storage with and without additional
processing for volume reduction, all costs are
included, e.g., depreciation of facilities, cost
of land, and present worth of perpetual care
costs.

f. maintain records of radioactive waste stored
or buried at their sites.

g. conduct a program of annual appraisals of
contractor radioactive waste management
activities.

°

0511-04 BASIC REQUIREMENTS

041 Applicability. This chapter applies to
divisions and offices, Headquarters, field offices, and
contractors who operate AEC-owned or -controlled
facilities and whose contracts contain the Standard
Safety, Health, and Fire Protection Clause- (see
AECPR 9-7.5006-47).

042 Coverage. This chapter and its appendix
specify the responsibilities, requirements, and
procedures which shall govern the management of
radioactive waste.

043 Appendix 0511. Appendix 0511 contains
definitions (part I) and guidance (part I) for use in
implementing the policies and responsibilities of this
chapter. The detail of the appendix is not to be taken
as all-inclusive nor should it preempt the use of good
judgment by knowledgeable field office and
contractor staff in the development of safe practices
and controls in the management of radioactive waste.

044 Operating Criteria. To assure an effective
program for the management of radiocactive waste,
the following criteria shall be observed:

a. General

(1) Field offices and their contractors shall
conduct their operations and dispose of
and store radioactive waste in such a
manner as to assure that present and
future radiation exposures to individuals
and population groups will be at the
lowest levels technically and
economically practical not exceeding
limits established in AECM 0524
appendix parts I and II.

(2) Continuing efforts shall be made to
develop and use improved technology
for reducing the radioactivity releases to

"Approved: September 19, 1973
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3)
C))

the lowest technically and economically
practical level.

High-level liquid radioactive waste shall
not be transported offsite.

The extent and degree of radioactive
contamination of land by AEC waste
management activities shall be
minimized.

b. High-Level Radioactive Waste

(1

()

(3

(4)

(%)

High-level liquid wastes shall be
converted to suitable physical and
chemical forms and confined in a
manner which shall provide high
assurance  of  solation  from  mun’s
environment with minimal reliance on
perpetual maintenance and surveillance
by man under conditions of credible
geologic, seismic, and other naturally
occurring events.

High-level liquid radioactive wastes may
be initially stored in carefully
engincercd  systems equipped with
adequate provision for leak detection
and control. Tanks and transfer systems
shall be designed to resist credible
internal and external forces. Technology
shall be developed and employed as
soon as practical to reduce the volume
and mobility of the high-level liquid
wastes placed in initial storage facilities.
High-level liquid wastes in initial storage
and high-level wastes in long-term
storage, or in pilot plant facilities shall,
in each case, be contained and emplaced
so as to be retrievable for removal and
transfer elsewhere. The method of
storage and the physical and chemical
forms of the stored- waste shall be
predicated on safety and not on possible
retrieval for recovery of fission products
for beneficial uses.

The radioactivity and the chemical and
physical characteristics ot all high-level
wastes in initial, long-term. or pilot
plant storage shall be determined for
each condition of storage.

Spare tanks shall be maintained
providing volume in excess of initial
storage requirements for high-level
liquid wastes. Each tank farm holding
high-heat liquid waste shall have
available, in tanks empty except for a
residual heel, space equivalent to the
largest volume of such wastes stored in
any one tank. Each tank farm holding

Approved: September 19, 1973

low-heat liquid waste shall have
available reserve storage capacity to
accommodate the contents of the
largest tank in the system. Where
interconnected tank farms are
sufficiently close that the times required
to transfer tank contents between farms
are similar to the times required to
transfer tank contents within a farm,
such interconnected tank farms may be
considered as a single tank farm for
purposes of the above requirements.

c. Other Liquid Radioactive Waste

(1)

)

&)

Liquid radioactive waste not meeting
the definition of “high-level waste™ shall
be converted into two fractions, one
consisting of liquids which can be
discharged to the environment pursuant
to AECM 0524 (i.., persons in
uncontrolled areas will not be exposed
to concentrations in excess of those
prescribed in table II, annex A,
appendix 0524) and the other consisting
of either: (a) high-level liquid waste,
which would be handled in accordance
with the policies of b., above; or (b)
solid waste which would be handled in
accordance with the policies in d.,
below.

As soon as technically and economically
practical, the use of natural-soil columns
(such as cribs, seepage ponds, and
similar facilities) for liquid streams that
exceed established standards for release
of radioactivity to uncontrolled areas
shall be replaced with other treatment
systems. It should be recognized that
liquid which meets established standards
and is released to soil columns still may
result in a buildup (at a slower rate) of
radioactivity in the soil column. Thus, it
would be advantageous to design soil
column structures so either the soil can
be retrieved and relocated or the points
of release are separated to the extent
that the buildup of radioactivity in the
soil column will not exceed an
acceptable level.

Adequate diversion systems shall be
provided to assure that normally
releasable streams, which, as a
consequence of accident or operational
upset, exceed established standards
(cited in AECM 0524) for releases to
uncontrolled areas, are automaticaily
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detected and diverted to controlled
holding areas and are recycled or
processed to yield a releasable stream.

d. Radioactive Solid Waste Other Than That

Generated by Solidification of High-Level

Liquid Waste

(1) Technical and administrative efforts
shall be directed toward a marked
reduction of (a) the gross volume of
solid waste generated in AEC operations
and (b) the amount of radioactivity in
such waste,

(2) Volume-reduction technology, such as
compaction and incineration, shall be
adapted for use with radioactive solid
waste and placed in operation wherever
practical.

(3) Except as dictated by (4), below, solid
radioactive waste may be stored in
conventional burial grounds approved
by the AEC.

(4) Solid waste generated at AEC sites and
containing significant U-233 or
transuranium nuclide contamination
shall be stored at AEC sites, segregated
from other radioactively contaminated
solid waste and with combustible and
noncombustible transuranium-
contaminated waste packaged
separately. The packaging and storage
conditions shall be such that the
packages can be readily retrieved in an
intact, contamination-free condition for
20 years. The packages shall be suitably
labeled so the waste they contain can be
identified by cross-reference to
permanent records.

Airborne Radioactive Effluents. Gaseous and
other airborne radioactive effluents shall be
controlled at the lowest level below the
limits of AECM 0524 consistent with the
state of the technology and good economic
practices.

Other. Radioactive waste generated by
underground nuclear tests, and remaining
underground shall be considered as a special
case.

045 References

a. AECM 2401, “Physical Protection of
Classified Matter and Information,” for
additional protection required for classified
radioactive waste.

b. AECM 0510, “Prevention, Control, and
Abatement of Air and Water Pollution.”

c. AECM 0513, “Effluent and Environmental
Monitoring and Reporting.”

d. AECM 0524, “Standards for Radiation
Protection.”

e. AECM 0529, “Safety Standards for the
Packaging of Fissile and Other Radioactive
Materials.” .

f. AECM 0530, “Nuclear Criticality Safety.”

g. AECM 0544, “Planning for Emergencies in
AEC Operations.”

h. AECM 6301, “General Design Criteria.”

i. AECM 7401, “Safeguards Control and
Management of Nuclear Materials.”

j-  WASH-1202, “Plan for the Management of
AEC-Generated Radioactive Wastes.”

k. AEC Property Management Instructions
Subpart 109-45.50, “Excess and Surplus
Radioactively Contaminated Personal
Property.” )

0511-05 NATIONAL EMERGENCY APPLICATION

In the event of a national emergency, as defined in
AECM 0601-04, the provisions of this chapter and its
appendix shall continue in effect.

'In the context of the policy statement in AECM
0524-012,

2In the context of the policy statement in AECM
0524-012,

3For purposes of this chapter, program divisions are

those Headquarters divisions that provide functional
direction of activities which generate radioactive waste,

Approved: September 19, 1973
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AEC Appendix 0511
Part I

d.

€.

For typical Pu-239 waste at this activity
density, it is recognized that indirect
measurements or estimates and
administrative controls must be used
instead of direct external measurements.
An example of such administrative
controls is the establishment of specific
in-plant working areas from which
typical wastes have been established by
suitable studies as being either above or
below the control value.

It is recognized that under present
technology certain waste, primarily
bulky discarded process equipment,
with transuranium content above this
value may not lend themselves to
practical storage in full compliance with
AECM 0511-044 d(4). However, these
items should be recorded as
transuranium wastes.

Approved: September 19, 1973

Requests for exception for applying the
10 nCi/g value on a package-by-package
basis, with substitution of an equivalent
quantity limit applicable to a burial
facility, or requests for exemption for
specific short half-lived transplutonium
wastes, will be considered on a
case-by-case basis, as per AECM
0511-032(m).

The 10 nCifg value is a criterion for
choosing different methods of handling
different kinds of radioactive waste; it
should not be confused with a value
below which excess materials may be
unconditionally released, as per AEC
Property Management Instructions
10945.50.



RADIOACTIVE WASTE MANAGEMENT

AEC Appendix 0511

PART I
WASTE MANAGEMENT PLANS

A. PURPOSE

This part provides guidance on the development of a
radioactive waste management plan for each site, as
required by AECM 0511-038c.

B. DISCUSSION

Existing conditions at the various facilities will
require different types and degrees of effort to meet
the operating criteria of AECM 0511-044.
Accordingly, the plans submitted under AECM
0511-038¢ need not be identical in degree of detail.
Appropriate references to supplement or substantiate
the information or conclusions stated in the plan
should be provided. The outline of a waste
management plan in C, below, is to be followed.

C. FORMAT FOR THE SITE WASTE
MANAGEMENT PLANS

l. Program Administration

1.1 Site

1.2 Office Responsible

1.3 Contractors

1.4 Lead Responsibility for Site Plans

1.5 Source of FY 1972 Funds for Waste
Management

2. Description of Waste Generating Processes
2.1 Process Flowcharts

3. Description of Waste Management Facilities

3.1 Identification and Location of Facilities

A ey 3 g 3 EI] g e SRR AT T et A e € <E % = vpyEn

3.2 Description of Waste Treatment
Facilities

3.3 Description of Waste Storage Facilties

3.4 Description of Effluent Control Systems

3.5 Site Administrative Limits on Effluents

4. Radioactive Waste Stored

4.1 High-Level Waste From Chemical
Processing Operations

4.2 Solid Radioactive Waste Other Than
Solidified High-Level Waste

4.3 Other Radioactive Materials

5. Plans and Budget Projections

5.1 Interim Storage of High-Level Liquid
Waste
5.1.1 Milestone Charts
5.1.2 Expected Accomplishments in
FY 1972
5.1.3 Proposed Program for FY 1973
5.1.4 Proposed Program for FY 1974
and Beyond .
5.1.5 Five-Year Budget Projects for FY
1974 and Beyorid
5.2 Long-Term Storage of High-Level Waste
5.3 Management of Low- and Inter-
mediate-Level Liquid Waste
54 Management of Solid Waste
Contaminated With Radioactivity
5.5 Management of Airborne Radioactive
Waste
5.6 Recapitulation of Budget Projection

Detailed Instructions for site waste management plans

will be forwarded periodically to field office
managers.

Approved: September 19, 1973
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Volume: 0000 General Administration OR 0511

Part: 500 Health and Safety

Chapter OR 0511 RADIOACTIVE WASTE MANAGEMENT

0511-03 Responsibilities and Authorities.

038 Managers of Field Offices,

a, Contract Administrators:

(1) Assure compliance with AECM and ORM 0511
any radicactive wasie activities,

(2) Assure that contractors prepare and submit updated
management plans for each site on an annual basis.

plans are to be submitted to the Research & Technical

Support Division,

(3) Assure that contractors apply the provisions of AEQM 0511
in all subcontract activities where radioactive waste is

generated.

(4) Assure that contractors maintain updated records of

radioactive waste stored or buried at their sites.

(5) Assure +hat cost calculations on burial/storage operations

are perfomed as required in AECM 0511-038.¢.

(6) Refer questions on applicability, interpretation, OT
yequests for exemptions to the Research § Technical

Support Division.

b, The Director, Research § Technical Support Division:

(1) Provides advice and assistance in the applicability,
interpretation, OF exemptions from the operating criteria

of AEQM 0511.

Approved: January 25, 1974
TN 0500-86

, and particularly
AEQM 0511-044, *Operating Criteria,” in the management of



127

RADIOQACTIVE WASTE MANAGEMENT OR 0511-038

Co

(2)

(3)

4)

(5)

(6)

Requests advice and/or assistance from AEC Headquarters
where appropriate in the application of the requirements
of AECM 0511, especially in connection with proposed
exemptions from the operating criteria.

Maintains approval control over key waste management
decisions in the establislment or the modification of
the items specified in AECM 0511-038.d.

Reviews and evaluates contractor waste management plans,
and prepares the total OR plans for transmittal to
Headquarters by the Manager.

Participates in the annual appraisals of contractor
radioactive waste management activities as appropriate
from a programmatic standpoint in collaboration with the
Safety § Envirommental Control Division,

Conducts programmatic reviews and evaluates radioactive
waste management activities as required. -

The Director, Safety § Lnvirommental Control Division:

(1)

(2)

(3

4

Conducts annual safety and environmental protection
appraisals of contractor radiocactive waste management
activities, as appropriate.

Advises Contract Administrators of appraisals and makes
recommendations for corrective actions, if appropriate.

Evaluatés, in cooperation with Research & Technical
Support Division, radioactive waste management programs
to assure that the AEC policy of controlling the release

of radioactive materials to the lowest levels teclmically

and economically practical is being implemented.

Reviews waste management plans in relation to their
impact on man and the environment and recommends to the
Director, Research § Technical Support Division, any
appropriate modifications.

Approved: January 25, 1974
TN 0500-86







e

c.

131

Number 2.4

Page 1l of 2  Pages
Issued April 16. 1973
Revised

HOISTING EQUIPMENT

Policy

Tt is the policy of the Oak Ridge National Leboratory to prevent
personal injury and property demage by maintaining standards of safety
consistent with national codes and standards in the design, procure-
ment, installation, operation, maintenance, and inspection of hoisting
equipment.

Definitions

Hoisting equipment includes powered industrial trucks; overhead
and gentry cranes; cravler, locomotive, and truck cranes; derricks;
elevators and accessories such as chains, hooks, slings, wire rope,

and sheaves.

Responsibilities

1. Supervision is responsible for the overall safety of hoisting-
equipment under their jurisdiction. They shall ensure that all em-
ployees who operate, maeintain or inspect such equipment are properly
instructed and trained in the use of safe practices.

2. The Operator of a piece of hoisting equipment is responsible
for operating the equipment in compliance with safe operating practices
and for performing safety inspections as outlined in Table T of this
procedure.

3. The Division Safety Officer is responsible for coordinating
hoisting equipment safety within his division. He determines with the
help of General Engineering, Plant and Equipment, and Inspection Engi-
neering that all hoisting equipment is inspected, maintained, and op-
erated in accordance with appropriate procedures.

4., The General Engineering Division is responsible for developing
and meintaining standards for procurement, installation, and application
of hoisting equipment.

5.- The Plant and Equipment Division is responsible for scheduling
and performing maintenance and effecting repairs as required on all
hoisting equipment.

6. The Inspection Engineering Department is responsible for pro--
viding trained personnel,.the necessary equipment, and performing in-
spections and tests as outlined in Table I of this procedure.

Ceneral Requirements

1. Each new or modified piece of hoisting equipment shall be sur-
veyed by the General Engineering Division for compliance with recognized
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standards. The equipment shall also be inspected and tested by the
Inspection Engineering Department for the determination of safety prior
to being placed in service.

2. Inspections shall be performed in accordance with Table I of
this procedure.

3. Maintenance shall be performed in accordance with Plant and
Equipment maintenance procedures.

4, Hoisting equipment not in service shall (1) ve tagged out,
(2) listed on the computer printout as "not in service", and (3) ve
given an appropriate inspection prior to return to service.

TABLE I
Frequent Periodic Load
Overhead & Gantry Cranes
Over one ton capacity D/0, M/I A/T A/T
One ton and under capacity D/o, M/T A/T P/I
Slings & Chanins D/o, M/1 P/I
Hooks D/0, M/I A/T
Wire Rope M/I
Sheaves A/T
Crawler, Locomotive & Truck
Cranes D/0, M/I A/T A/
Slings & Chains D/0, M/I P/1
Hooks D/0, M/I A/T
Wire Rope M/I
Sheaves . A/T '
Derricks . D/0, M/I A/T A/T
Slings & Chains D/0, M/I P/1
Hooks D/0, M/I A/T
. Wire Rope M/I
Sheaves AT
Powered Industrial Trucks D/0 s/1
Elevators sS/1
KEY
Inspections By: Frequency:
0 - Operator P - Pr%or to initial use
I - Inspector D - Daily
M - Monthly
Q - Quarterly
Daily inspections shall be performed S - Semiennually
each day or before each use of the A - Annually

equipment, whichever is less frequent.
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AEC 0550-01
0s

CHAPTER 0550 OPERATIONAL SAFETY STANDARDS

0550-01 POLICY

The AEC adopts or develops standards for the
protection of AEC and AEC contractor employees,
the general public, and the environment, and for
minimizing damage to, or the loss of, property from
the hazards resulting from AEC operations.

0650-02 OBJECTIVE

To assure that all aspects of AEC and AEC contractor
operations are conducted in accordance with
specifically identified operational safety standards to
which exceptions or modifications are approved only
when consistent with the intent of such standards.

0550-03 RESPONSIBILITIES AND AUTHORITIES

031 The Director of Regulation assures that the
appropriate standards in appendix 0550 are
implemented for areas under his jurisdiction. The
Division of Operational Safety will provide guidance
and assistance in fulfilling this responsibility.

032 The Director, Division of Operational
Safety:

a. reviews nationally recognized health and
safety requirements, guides, codes, and
standards and prescribes those applicable to
AEC activities.

b. determines the need for and develops, or
promotes the development of, new or
revised standards applicable to health and
safety for AEC activities.

¢. renders interpretations of applicable
standards set forth in appendix 0550.

d. grants exceptions to the use of prescribed
standards, when justified.

e. acts as liaison with the Occupational Safety
and Health Administration of the
Department of Labor and other
organizations as appropriate.

f. recommends to the managers of field offices,
and the Director, Division of Headquarters
Services, the extent to which existing
facilities should be modified to comply with
changes in standards.

033 The Directors, Divisions of Production and
Materials Management, Naval Reactors, and Space

Nuclear Systems, assure compliance with the
requirements of this chapter by field offices under
their jurisdiction.

034 The Director, Office of Information
Services, assures that a level of performance of health
and safety is maintained, consistent with the intent of
the prescribed standards set forth in appendix 0550,
for Nuclear Science Demonstration Centers operated
under his jurisdiction.

035 Managers of Field Offices and the Director,
Division of Headquarters Services, for Headquarters:

a. apply the prescribed standards contained in
appendix 0550 as minimum standards.

b. assure that the levels of performance of
health and safety are maintained, consistent
with the intent of these standards, for those
activities under their direction.

c. may prescribe additional or more stringent
standards, based upon determination that
such standards are essential to safety and
proper performance of their functions.

d. assure the maintenance of an up-to-date
library and/or file of applicable standards,
codes, and guides.

e. grant exceptions in accordance with
subsection 057, below, from the
requirements of this chapter and appendix
where such actions will best serve the
interests of the AEC, providing that the
safety of employees, the public, and
Government and private property can safely
be maintained.

0550-04 DEFINITIONS

041 Standards include existing Federal, state,
and local requirements and those recommended by
various Government agencies, industrial
organizations, technical associations, and other

groups.

042 AEC Contractor includes any AEC prime
contractor or subcontractor exempt from (or not
subject to) AEC licensing, except Part 115 Reactors,
but subject to the contractual provisions of AECPR
9.7.5006-47 or modifications thereof.

Approved: March 26,1973
Reprinted: February 15, 1974
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043 Prescribed standards are those minimum
requirements developed or adopted by AEC with
which the AEC and its contractors must comply.

044 Recommended standards are those which
AEC and its contractors shall consider utilizing in
addition to the prescribed standards. Requirements
issued to field offices and contractors by
Headquarters program divisions are controlling when
they are in conflict with recommended standards.
(For reactors, field office managers shall determine
which recommended standards apply to their
operations and issue clear directions to contractors
after assuring that these directions do not conflict
with Headquarters program division requirements.
Standards developed by the Division of Reactor
Developmenf and Technology (RDT) shall be
considered for all AEC-owned reactors and
appropriately applied except (1) when a field office
determines for the record that a particular RDT
standard does not apply or (2) when the responsible
Headquarters program division director directs the
field office to apply other standards considered
appropriate for a particular facility. RDT concurrence
is required for all exceptions involving reactors for
which RDT has safety review responsibilities under
annex A to AECM 0540.)

0550-05 BASIC REQUIREMENTS

051 Applicability. Provisions of this chapter and
its appendix are applicable to and shall be followed:
a. by divisions and offices, Headquarters, field
offices, and AEC contractors (pursuant to
appropriate contract provisions), and
military and civilian personnel of other
Government agencies assigned to the AEC.
b. when changes, alterations, and modifications
are made to existing facilities. It is not
intended that existing physical facilities be
changed arbitrarily to comply with the
standards specified, except as required by
law. (This assumes, of course, that the end
objective can be reached with administrative
controls supplementing the deficient system

or facility.)

052 Coverage. This chapter and appendix cover
the minimum prescribed standards to be used by AEC
and AEC contractors. Where an AEC contractor is
also an AEC licensee, the contract relationship will
not exempt him from compliance with AEC
regulations and the terms of his license; or where
AEC contractors are tenants on a military installation
and a Host-Tenant Agreement has been executed, the
standards established by the host may be observed,

Approved: February 15,1974

unless AEC-prescribed standards provide for greater
protection, in which case AEC standards shall be
observed. Facilities covered by this chapter include
those owned or leased by the AEC or leased by AEC
contractors for use in AEC work, and include those
of either a permanent or temporary (e.g., trailers)
nature.

- 053 Appendix 0550. The latest editions of the
prescribed standards listed in appendix 0550 are
minimum requirements. The appendix sets forth
standards, both prescribed and. recommended,
covering emergency preparedness, environmental
protection, fire protection, health protection,
industrial safety, nuclear safety, and transportation
safety. In many instances standards are listed in the
manual chapters referenced in their particular section.
Should the user not note a particular standard in this
appendix he should review the referenced manual
chapter. The sources of supply for the standards and
a glossary of abbreviations are contained in the
appendix, exhibit 1.

054 Conflicts in Standards. If there are conflicts
between prescribed standards in appendix 0550, the
standards providing the greater protection shall
govern.

055 Reference. Chapter 4123, “Attendance at:
Meetings and Participation in Outside Professional
and Technical Organizations,” covers participation in
nuclear standards-making bodies.

056 Federal Laws. Working conditions of AEC
contractor employees at contractor-operated,
government-owned or -leased facilities are not subject
to the Occupational Safety and Health Act of 1970.

The following standards, in addition to those listed in
appendix 0550, shall be used as minimum prescribed
standards at such facilities as applicable:
a. 29 CFR Part 1910 Occupational Safety and
Health Standards
b. 29 CFR Part 1926 Safety and Health
Regulations for Construction
¢. 29 CFR Part 1915 Safety and Health
Regulations for Ship Repairing
d. 29 CFR Part 1916 Safety and Health
Regulations for Shipbuilding
e. 29 CFR Part 1917 Safety and Health
Regulations for Shipbreaking
f. 29 CFR Part 1918 Safety and Health
Regulations for Longshoring
g. Department of Defense Explosive Safety
Board Standards (Ordnance Operations)
h. Department of Navy Standards (In-hull of
naval prototypes)
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AEC 0550-057

057 Procedures for Granting Exceptions

a.

Exceptions from the requirements of AEC
Manual chapters referenced in this chapter
shall be processed in accordance with the
instructions contained in chapter 0201-054.
Managers of field offices and the Director,
Division of Headquarters Services, are
permitted to grant exceptions from the
standards of this Manual chapter for a period
of 6 months. They are required to notify the
Director, Division of Operational Safety, of
all exceptions granted, and if such
exceptions are for periods greater than 6
months, they must be approved by the
Director, Division of Operational Safety.

c. Exceptions are considered to be of a
temporary nature until corrective action can
be taken. When requesting exceptions,
managers of field offices and the Director,
Division of Headquarters Services, should
also include with their requests plans to
ameliorate the conditions requiring the
exceptions.

0550-06 NATIONAL EMERGENCY APPLICATION

During a national emergency, as defined in chapter
0601-06, the provisions of this chapter and appendix
shall continue in effect.

Approved: February 15,1974




138

OPERATIONAL SAFETY STANDARDS

AEC Appendix 0550

PART |

EMERGENCY PREPAREDNESS

A. PRESCRIBED STANDARDS

:v)

(94

Telecommunications, Chapter 0270 and
Appendix 0270, part VIII.

Radiological Assistance Program, AECM
0526.

AEC Response to Accidents Involving
Nuclear Weapons in the Custody of the
DOD, AECM 0527.

Planning for Emergencies in AEC
Operations, AECM 0544.

Prevention of Accidental or Unauthorized
Nuclear Detonations, AECM 0560.
National Emergency, Defense, and
Mobilization (EDM) Preparedness Program,
AECM 0601.

Immediate Evacuation Signal for Use in
Industrial Installations Where Radiation
Exposure May Occur, N 2.3-1967 (ANSI).

Approved: March 26, 1973

1.

2.

Nowuk

»

B. RECOMMENDED STANDARDS

Exposure to Radiation in an Emergency,
NCRP Report No. 19.

Basic Radiation Protection Criteria, NCRP
Report No. 39.

E.O. 11490, Assigning Emergency
Preparedness Functions to Federal
Departments and Agencies.

National Plan for Emergency Preparedness.
Office of Emergency Preparedness Circulars.
Federal Civil Defense Guide.

Planning for the Handling of Radiation
Accidents, Safety Series 32 (IAEA).

Plans for Coping with Emergencies, 10 CFR
50, Appendix E and Associated Guide.
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AEC Appendix 0550

PART il

ENVIRONMENTAL PROTECTION

A. PRESCRIBED STANDARDS

Prevention, Control, and Abatement of Air
and Water Pollution, AECM 0510.

Air and Water Pollution Control Standards
Promulgated Pursuant to the Clean Air Act
(42 US.C. 1857 et seq.) and the Federal
Water Pollution Control Act (33 U.S.C. 466
et seq.).

Intrastate or Interstate Regulations of Air
and Water Pollution Control Authorities.
Effluent and Environmental Monitoring and
Reporting, AECM 0513.

B. RECOMMENDED STANDARDS

1.

Standard Methods for the Examination of .

Water, Sewage, and Industrial Wastes
(AWWA).

Guide for Use of Insecticides, Handbook
290 (USDA).

Manual of Septic-Tank Practice, Pub. No.
526 (USPHS).

Sanitary Landfill Facts, Pub. No. 1792
(USPHS). . .

Interim Guide of Good Practice for
Incineration at Federal Facilities, Pub. No.
AP-46 (USPHS).

Incinerator Guidelines, Pub. No. 2012
(USPHS).

Air Pollution Engineering Manual, Pub. No.
AP-40 (USPHS).

Approved: March 26,1973
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AEC Appendix 0550

PART Il

FIRE PROTECTION

A. PRESCRIBED STANDARDS

Ll e

Industrial Fire Protection, AECM 0552.
General Design Criteria, AECM 6301.
National Fire Codes (NFPA).

Standard For Fire Protection of AEC
Electronic Computer Data Processing
Systems. (Compliance with this standard
satisfies the requirements for NFPA-75.)
(AEC).

Lists of Inspected Appliances, Equipment,
and Materials (UL).

Approved: March 26, 1973

6. Factory Mutual Approval Guide.

7.

TP20-11 General Fire Fighting Guidance for
Nuclear Weapons--CDC (AEC/NDA).

B. RECOMMENDED STANDARDS

1.
2.
3

Handbook of Fire Protection (NFPA).

Fire Prevention Code (AIA).

Loss Prevention Data Sheets (FM). (Replaces
Handbook of Ind. Loss Prev.)

Fire Protection Guide on Hazardous
Materials (NFPA),
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AEC Appendix 0550

PARTIV

HEALTH PROTECTION

A. RADIATION PROTECTION

1. Prescribed Standards:

a.
b.

C.

Standards for Radiation Protection,
AECM 0524.

Occupational Radiation Exposure
Information, AECM 0525.

Nuclear Accident Dosimetry Program,
AECM 0545,

Performance Specifications for Direct
Reading and Indirect Reading Pocket
Dosimeters for X and Gamma Radiation
N13.5-1972 (ANSI).

Radiation Symbol, N2.1-1969 (ANSI).
Radiological Safety in the Design and
Operation of Particle Accelerators
N43.1-1969 (ANSI).

2. Recommended Standards:

a.

Applicable (FRC) Reports (#1-1960,
#2-1962, #5-1964, #7-1965, #3
(Revised).

Handbooks, NCRP Recommendations
(NBS).

Guide to Sampling Airborne
Radioactive Materials in Nuclear
Facility N13.1-1969 (ANSI).

Specification and Performance of

On-site Instrumentation for

Continuously Monitoring Radioactivity

in Effluents, N13 Series (ANSI) in Draft

Status.

Film Badge Performance Criteria,

N13.8-1972 (ANSI).

Other ANSI Standards as applicable.

Standards for Protection Against

Radiation, 10 CFR 20.

Radiation Protection Standards Reports

(ICRP).

An Annotated Bibliography of

Regulations, Standards, and Guides for

Microwaves, Ultraviolet Radiation, and

Radiation From Lasers and Television

Receivers (USPHS).

Reports (ICRU). .

(1) Report 20, 1971, Radiation
Protection Instrumentation and its
Application.

(2) Report 11, 1968, Radiation
Quantities and Units.

(3) Report 14, 1969, Radiation
Dosimetry.

k.

L

Safety Series (IAEA).

Electronic Product Radiation Control, .

Subpart 3 of PL 90-602, as amended on
10-18-68.

B. OCCUPATIONAL MEDICINE

1. Prescribed Standards:

a.

b.

Occupational Health Program, AECM
0528.

Employee Occupational Health Services
Program, AECM 4161.

2. Recommended Standards:

a.

Scope, Objectives, and Functions of
Occupational Health Programs,
American Medical Association Council
on Occupational Health (revised Dec.
1971).

Occupational Health Services for
Employees, U.S. Department of Health,
Education, and Welfare. Public Health
Service publication no. 1041 (May
1963).

An Administrative Guide for Federal
Occupational Health Units. HEW, Public
Health Service publication no. 1325-A
(Mar. 1966).

Epidemiology in Occupational Disease
and Injury, American Medical
Association Council on Occupational
Health (Sept. 1967).

Medical Aspects of Radiation Accidents
Handbook, Eugene L. Saenger, M.D.,
Editor (GPO).

C. INDUSTRIAL HYGIENE

1. Prescribed Standards:

a.

b.

C.

d.

Current Threshold Limit Values
(ACGIH).

Air Force Manual 160-3, Medical
Service-Hazardous Noise Exposure
(Surgeon-Gen. USAF).

Safety Standards for Lasers, ANSI
Z.136 (ANSI) (in preparation).
Practices for Respiratory Protection,
788.2-1969 (ANSD).

2. Recommended Standards:

a.
b.

Hygienic Guide Series (AIHA).
Standards on Concentrations of Toxic

Approved: March 26, 1973




142

AEC Appendix 0550
Part IV

OPERATIONAL SAFETY STANDARDS

Dusts and Gases, Z.37 (ANSI).

c. Approved Respiratory Protection -

Devices Listing, Bureau of Mines (DOI).

d. Heating and Cooling for Man in
Industry (ATHA).

e. Respiratory Protective Devices Manual
(AIHA and ACGIH).

f. Industrial Ventilation Manual (ACGIH).

g. Rating Noise with Respect to Hearing
Conservation, Speech Communication,
and Annoyance (ISO).

h. Industrial Noise Manual (ATHA).

Guide for Conservation of Hearing and

Noise (AAQO).

j. Fundamentals of Industrial Hygiene
(NSC).

D. PUBLIC HEALTH AND SANITATION

[
.

1. Prescribed Standards:
a. Water

(1) Drinking Water Standards, Bulletin
956 (EPA).

(2) Manual of Recommended Water-
Sanitation Practice, Bulletin 525
(EPA).

(3) Manual of Water Quality and
Treatment (AWWA).

(4) Sanitation Manual for Public
Ground Water Supplies, Reports
59:137-177, Reprint 2539 (EPA).

Approved: March 26, 1973

(5) Standards and Specifications for
Water Supply, Treatment,
Distribution System, and Storage
Equipment, Materials and
Procedures (AWWA).

(6) Sanitary Standard for
Manufactured Ice, Bulletin 1183
(USPHS).

(7) Water Supply and Plumbing
Cross-Connections, Pub. No. 957
(EPA).

(8) Manual of Individual Water Supply
Systems, Pub. No. 24 (EPA).

(9) Regulations Covering Public
Swimming Pools (Joint Committee
APHA-PHS).

General

(1) State and Local Public Health
Codes, which cover sanitation for
eating and drinking establishments,
practice of barbering, vending of
food and beverages, and sanitation
of buses. Where codes are
incomplete, use publications 546;
934;90; and 1534 (USPHS).

(2) Sanitation in Places of
Employment, ANSI Z4.1 (ANSI).

(3) Lead Base Paint Poisoning
Prevention Act Title 21, Food and
Drugs, Chapter 1, (Subchapter D,
Part 191) (PL 91-695).
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PARTV

INDUSTRIAL SAFETY

A. GENERAL SAFETY

1. Prescribed Standards:
a. General Design Criterid, AECM 6301.
b. American National Standards Institute
(ANSI) Standards for Safety as

applicable.

¢. Forest Service Safety Standards
(USDA).

d. Boiler and Pressure Vessel Code,
Sections I-XI (ASME).

2. Recommended Standards:

a. Chemical Rocket Propellant Hazards
JANNAF Propulsion Committee,
Volume I-General Safety Engineering
Design Criteria. N.T.LS.-AD 889763.
May 1970.

Volume II-Solid Rocket Propellant
Processing, Handling, Storage and
Transportation. N.T.LS.-AD 870258.
May 1970.

Volume III-Liquid Propellant
Handling, Storage and Transportation.
N.T.I.S.-AD 870259. May 1970.
(Quantity distance tables are
excepted-OSHA/NFPA QD tables apply
where appropriate).

b. Manual Sheets (MCA). :

c. Chemical Safety Data Sheets (MCA).

d. Accident Prevention Manual for
Industrial Operations. (NSC).

e. Supervisor’s Safety Manual (NSC).

f. Handbook of Laboratory Safety (The
Chemical Rubber Company).

g. Handbook of Rigging, W.E. Rossnagel.
McGraw-Hill Book Co., Inc., publishers.

h. Data Sheet Series (NSC).

i. Matheson Gas Data Book (The
Matheson Company, Inc.).

j. Handling Hazardous Materials, NASA
SP-5032 (NASA).

k. Testing Materials Standards (ASTM)
(those applicable to safety).

. Handbook of Compressed Gases (CGA).

m. Service Station Safety, Accident
Prevention Manual 5 (API).

B. CONSTRUCTION SAFETY
1. Prescribed Standards:

a. Construction Safety Program, AECM
0505.

T e O L e e o T i ot

b. Pipeline Safety Standards Title 49 CFR

Part 192.

2. Recommended Standard:

Manual of Accident Prevention in
Construction (AGCA).

C. CRANE SAFETY

1. Prescribed Standards:

a.

b.

ANSI Series B 30.2 through B 309
(ANSI). .

Crane Manufacturers Association of
America, Specification No. 70 (CMAA).

2. Recommended Standards:

a.

Requirements for Hoisting and Rigging
of Special Components and Equipment
RDT F8-6.

Installation and Use of Life Safety
Protection Equipment for Tower,
Hammerhead and Other Horizontal
Boom Cranes. (See annex C.)

D. DRILLING SAFETY
1. Prescribed Standards:

a.

Petroleum Safety Orders,
Administrative Code, Title 8, chapter 4,
subchapter 14. State of California
(except the requirement of paragraph
(b) Section 6640, of article 41 of the
1959 orders is permanently waived—API
RP 9B applies).

Applicable Division of Production
Specifications and Recommended
Practices on Oil Field Equipment (API).
Safe Practices in Drilling Operations,
Third Edition, 1967 RP 2010 (API).

2. Recommended Standards:

a.

Rotary Drilling Handbook on Accident
Prevention and Safe Operating Practices
(IAODC).

Applicable Division of Production
Bulletins (API).

E. ELECTRICAL SAFETY

1. Prescribed Standards:

a.

b.

National Electrical Code, NFPA 70
(ANSICI).
National Electrical Safety Code
(ANSI-C2).

Approved: March 26, 1973
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2.

Recommended Standards:

a. Electrical Engineering Regulations
CG-259, U.S. Coast Guard (DOT).

b. Miscellaneous Electrical Equipment
List, CG-293, U.S. Coast Guard (DOT).

c. Safety Rules for the Installation and
Maintenance of Electric Supply and
Communication Lines, NBS No. 81.

d. Electrical Safety Guides for Research,
Safety and Fire Protection Bulletin No.

13 (AEC).

e. Safety Guidelines for High Energy
Accelerator Facilities, TID 23992
(AEC).

f. IEEE Standards for Safety (Institute of
Electrical and Electronics Engineers).

F. EXPLOSIVES SAFETY

1.

Prescribed Standards:

a. Safety Manual, AMCR 385-100,
Headquarters, U.S. Army Materiel
Command (AMC).

b. DOD Ammunition and Explosives
Safety Standards, DOD 4145.27M
(DOD).

¢. Blaster's Handbook (DUPONT).

Recommended Standards:

a. Rules for Storing, Transporting, and
Shipping Explosives, Pamphlet 5 (IME).

b. Safety in the Transportation, Storage,
Handling, and Use of Explosives,
Pamphlet 17 (IME).

c. Structures to Resist the Effects of
Accidental Explosions. Dept. of the
Army Tech, Manual TM5-1300.

Approved: March 26,1973

d. Safety Guide for the Prevention of
Radiofrequency Radiation Hazards,
Pamphlet 20 (IME).

e. Evaluation of Explosive Storage Safety
Criteria, May 1970, AD 871194 (NTIS).

G. FIREARMSAFETY

1.

Prescribed Standards:

a. Physical Protection Handbook (GSA).

b. Pistols and Revolvers, FM 23-35, 7-60
(AMOC). ) L

c. Safety with Firearms Handbook (NRA).

d. Firearms Handling Handbook (NRA).

Recommended Standards:

a. Education and Training Security Police,
Training Course AMCP 621-1 (621-1
AMC).

b. Military Police Preservation of Order
Activities, AMCR 190-3, 12-71 (AMC).

H. MINE AND TUNNEL SAFETY

1.

Prescribed Standards:

a. Federal Metal and Nonmetallic Mine
Safety Act. Public Law 89-5771,
Standards, 30 CFR 55, 56, 57.

b. Tunnel Safety Orders, Administrative
Code, title 8, chapter 4, subchapter 20,
State of California.

¢. Mine Safety Orders, Administrative
Code, title 8, chapter 4, subchapter 12,
State of California.

Recommended Standards:
Tunneling: Recommended Safety Rules,
Bulletin 644, Bureau of Mines.
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PART VI

NUCLEAR SAFETY

A. REACTOR SAFETY

1.

Prescribed Standard:
Safety of AEC-Owned Reactors, AECM
0540.

. Recommended Standards:

a. Applicable RDT Standards. (See index
of RDT Standards.)

b. Licensing of Production and Utilization

Facilities, 10 CFR 50 and appendix,

including safety guides issued to

describe methods of implementing these
regulations.

Operators’ Licenses, 10 CFR 55.

Reactor Site Criteria, 10 CFR 100.

e. Procedures for Review of Certain
Nuclear Reactors Exempted from
Licensing Requirements, 10 CFR 115.

f. Safe Operation of Critical Assemblies
and Research Reactors, 1971 Edition,
Safety Series No. 35 (IAEA).

g. Safe Operation of Nuclear Power Plants,
Safety Series 31 (IAEA).

h. ANSI Standards as applicable.

po

B. NUCLEAR CRITICALITY SAFETY

1.

Prescribed Standard:

a. Nuclear Criticality Safety, AECM 0530.

b. Prevention of Accidental or
Unauthorized Nuclear Detonations,
AECM 0560.

Recommended Standards:

a, Nuclear Safety Guide, TID-7016 (AEC).
b, Criticality Accident Alarm System,
N16.2 (ANSI). ‘
¢. Safety Standards for Operations with
Fissionable Materials Outside Reactors,

N16.1 (ANSI).

d. Use of Borosilicate-Glass Raschig Rings
as a Neutron Absorber in Solutions of
Fissile Materials, N16.4 (ANSI).

e. Critical Dimensions of Systems
Containing Uranjum-235, Plutonium-
233, and Uranium-233, TID-7028
(AEC).

f. Critical and Safe Masses and Dimensions
of Lattices of U and UO, In Water,
DuPont-1014,

g. United Kingdom Atomic Energy
Authority Handbook of Criticality
Data, AHSB(S), Handbook 1 (ist
Revision).

h. Criticality Handbook, ARH-600 (3
volumes).

C. MATERIALS FACILITY SAFETY

1.

Prescribed Standards:

a. Safety of AEC-owned Radioactive
Materials Processing Facilities. (Manual
chapter is being prepared.)

b. Storage Criteria for Unirradiated
Enriched Uranium.* (AEC Gen. Mgr.
letter dated May 10, 1972.)

c. Criteria for Plutonium Storage
Facilities.* (AEC Dep. Gen. Mgr. letter
dated March 18, 1971.)

d. Minimum Design Criteria for New
Plutonium Processing Facilities.*

(CONS draft criteria dated June 14,
1972)

*Design portion will be incorporated in
AECM 6301.

Recommended Standards:

a. Licensing of Production and Utilization
Facilities, 10 CFR 50.

b. Special Nuclear Material, 10 CFR 70.

c. Rules of General Applicability to
Licensing of By-product Material, 10
CFR 30.

d. Licensing of Source Material, 10 CFR
40.

e. Operators’ Licenses, 10 CFR 55.

f. Appropriate Portions of Reactor Site
Criteria, 10 CFR 100.

g. Design, Construction, and Testing of
High Efficiency Air Filtration Systems
for Nuclear Application, ORNL-
NSIC-65 (ANSI).

h. ANSI standards as applicable.

RDT standards as applicable.

e
.

Approved: March 26, 1973
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Prescribed Standard:

a.
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b. Rules and Regulations for Numbering of
Undocumented Vessels and the
Reporting of Boating Accidents,
Federal Aviation Regulations (DOT). Booklet 267, U.S. Coast Guard (DOT).
c. Equipment Lists, Booklet 190, U.S.

Coast Guard (DOT).
B. MOTOR VERICLE AND TRAFFIC SAFETY d. Marine Engineering Regulations and
1. Prescribed Standards: I[\]'lastegal fgcxﬁ;?g%% Booklet 115,
Motor Vehicle Operator Standards, V. .t‘logs gar t P : Small Craft
AECM 0553. e. Ventilation System for Sma raft,

b.

-
.

Standards for installation and Use of
Seat Belts. (See appendix 0550, annex
A)

Standards for Placarding Vehicles that
Stop at Railroad Crossings. (See
appendix 0550, annex B.)

Motor Carrier Safety Regulations,
Federal Highway Administration
(DOT).

Hazardous Materials Regulations, R.M.
Graziano’s Tariff No. 25 (DOT).

Manual on Uniform Traffic Control
Devices for Streets and Highways,
Bureau of Public Roads (DOT).
Inspection Requirements for Motor
Vehicles, Trailers and Semi-trailers,
Operated on Public Highways, ANSI
D7.1 (ANSI).

Uniform Vehicle Code (NCUTLO).

A Policy on Geometric Design on Rural
Highways (AASHO).

2. Recommended Standards:

a.

b.

Traffic Engineer’s Handbook (ITE and
NSC).

Traffic Engineering. Matson, Smith and
Hurd. McGraw-Hill Book Company,
Inc., publishers.

Motor Fleet Safety Manual (NSC).
Traffic Accident Investigator’s Manual
for Police, The Traffic Institute,
Northwestern University.

Handbook of Highway Safety Design
and Operating Practices. (DOT).

C. VESSELS (MARINE) SAFETY

1. Prescribed Standards:

a.

Rules and Regulations for Uninspected
Vessels, Booklet 258, U.S. Coast Guard
(DOT).

Approved: March 26,1973

Booklet 395, U.S. Coast Guard {DOT).

D. TRANSPORTATION OF RADIOACTIVE
MATERIAL

1. Prescribed Standards:

a.

Safety Standards for the Packaging of
Radioactive and Fissile Materials, AECM

+0529.

Transportation and Traffic Manage-
ment, AECM 5201.

Nuclear Criticality Safety, AECM 0530
(applies for fissionable materials).

CFR Title 49-Department of
Transportation Hazardous Materials
Regulations, Parts 170-189.

Packaging of Radioactive Material for
Transport, 10 CFR 71. - :
Physical Protection of Special Nuclear
Material, 10 CFR 73.

2. Recommended Standards:

a.

Guide to Practice in Transportation of
Source and Special Nuclear Material
Before Irradiation, ANSI N5.1 (ANSI).
Guide for Design and Operation of
Shipping Containers for Irradiated Solid
Fuel from Nuclear Reactors, ANSI N5.3
(ANSI).

Cask Designers Guide ORNL-NSIC-68,
1970 (AEC).

Structural Analysis of Shipping Casks,
ORNL-TM-1312, Volumes I thru X
(AEC).

Packaging of Uranium Hexafluoride for
Transport, ANSI N14.1-1971 (ANSI).

E. RAILROAD SAFETY

1. Prescribed Standard:

Federal Railroad Administration, 49
CFR 211-240 (DOT).
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F. RADIOACTIVE WASTE MANAGEMENT 0511. (Manual chapter in preparation.)
. b. Plan for the Management of
1. Prescribed Standards: AEC—Generated Radioactive Wastes,

a. Radioactive Waste Management, AECM WASH-1202 (GPO).

Approved: March 26, 1973
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ANMEX A

STANDARDS FOR INSTALLATION AND USE OF SEAT BELTS

1. Installation

To the extent specified herein, every vehicle unde:
the control of the AEC shall be equipped with seat
belts faor each driver and passenger position in
accordance with applicable Federal standards and
specifications published by the General Services
Administration, Federal Supply Services, Automotive
Standards Division (GSA-FSS).

a.

All vehicles designed and constructed for the
use of Type 2 or 2a (Fed. Std. 515/1a,52.2.5
& 3.2.6) seat belt (Jap belt-upper torso belt
combination) assemblies shall be so
equipped. (All 1968 and later models are
required to have, and some earlier models
may have, built-in anchorages for Type 2 or
2a seat belt assemblies for each outboard
passenger position).

Vehicle models of earlier dates, designed and
constructed for the use of lap belts only,
shall be equipped with Type 1 (Fed. Std.
515/la, 83.2.4) seat belts. Earlier vchicle
models constructed with sufficient strength
in the door posts and roof rails and equipped
with anchorages to meet requirements for
use of Type 2 or 2a seat belts shall be so
equipped. Manufacturer’s instructions shall

Approved: November 8, 1968
Reprinted: March 26, 1973

be followed for such installations.

Buses, 1968 and later models, other than
schoolbus types, shall be equipped with seat
belts for all passengers and drivers. Bus
models earlier than 1968 shall be equipped
with seat belts for drivers. Until later notice,
Type 1 seat belts shall be provided for bus
drivers and for bus passengers when buses
are equipped with built-in seat belt
anchorages, (Older model buses are not
designed or constructed with the necessary
strength in passenger seat assemblies, seat
anchorages or for appropriate seat belt
anchorages).

Each AEC and AEC contractor employee
operating or riding in an AEC vehicle shall
wear his seat belt, when provided, at all
times while the vehicle is in motion.

The driver of any AEC vehicle (except
buses) shall not place the vehicle in motion
until he has assured himself that all
passengers have fastened their seat belts,
where so equipped, and that his own seat
belt is fastened.
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ANNEX B

STANDARDS FOR PLACARDING VEHICLES
THAT STOP AT RAILROAD CROSSINGS

1. AEC and AEC contractor vehicles shall:

a.

e AT MR T e e pm oy AT P e BN R W W, v A WY AT T R Y Yo,

be equipped with a sign on the rear in
retroflective letters, at least 3 inches high, on
a background of contrasting color, clearly
indicating that the motor vehicle stops at
railroad crossings.

be fitted with appropriate means for using
removable signs while in temporary custody
when such signs are not provided with the
vehicle or cannot be permanently painted on
the vehicle.

The above standards are applicable to:

buses transporting passengers.

motor vehicles transporting any quantity of
explosives, Class A or B as defined by the
DOT’s regulations.

motor vehicles transporting any quantity of
poison gas, Class A.

motor vehicles transporting any quantity of
chlorine.

motor vehicles which, in accordance with
the DOT’s regulations, are required to be
marked or placarded with ‘one of the

following markings: (1) Dangerous; (2)
Compressed Gases; (3) Dangerous—
Radioactive Materials; or (4) Chlorine.

cargo tank motor vehicles, whether loaded
or empty, used for the transportation of any
dangerous article, as defined in the
regulations of the DOT, or for the
transportation of any liquid having a
flashpoint below 200°F., as determined by
the Standard Method of Test for Flashpoint
of the American Society for Testing and
Materials (ASTM), as set forth in ASTM
D-56-61, ASTM D-92-57, or ASTM D-93-62,
and referenced by the National Fire
Protection Association (NFPA), in pamphlet
No. 385, 1964 edition.

cargo tank motor vehicles transporting a
commodity which, at the time of loading,
has a temperature above its flashpoint as
determined by the same standard method of
testing as prescribed in section 192.10(2)(6).
cargo tank motor vehicles, whether loaded
or empty, transporting any commodity
under special permit in accordance with the
provision of section 73.22, Title 49, Code of
Federal Regulations.

Approved: November 8, 1968
Reprinted: March 26, 1973
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ANNEX C

STANDARDS FOR THE INSTALLATION AND USE OF LIFE SAFETY
PROTECTION EQUIPMENT FOR TOWER,
HAMMERHEAD, AND OTHER HORIZONTAL BOOM CRANES

AEC and AEC contractors using tower, hammerhead,
or other horizontal boom cranes shall provide
protection against falling for workmen required to
perform duties on the horizontal boom of any such
crane. Protection provided shall afford safe access to
all parts of the boom requiring inspection,
lubrication, or other regular service.

The following shail be considered minimum

requirements, but shall not preciude the use of other

approved safeguarding methods providing equal or
better protection, such as complete catwalks, safety
nets, etc.

a. A stranded wire safety cable shall be installed
securely above the entire length of the boom,
with intermediate supports as necessary.

b. Cables, fastenings, and supports shall be of a size
sufficient to support the weight of the maximum
number of men necessary to perform any
required work at one time, with a factor of
safety of five (5).

Approved: February 25, 1970
Reprinted: March 26, 1973

¢. Coble and fastenings shall be tested with a
dummy load equal to twice the manload for
which the cable will be used. Tests shall be
performed prior to initial use by workmen each
time the crane is erected, and at such intervals as
specified by the local authority having
jurisdiction, but not less than quarterly during
regular operation.

4. Workmen required to perform work on the boom
shall wear approved safety belts and shock
absorber safety lanyards with self-closing hooks
and shall be required to be hooked onto the
safety cable at all times when walking, climbing,
or working on the horizontal boom of such
cranes.

NOTE: Method of attachment and location of
strain-bearing parts shall be such that they will
not weaken or damage the structural members of
the boom or interfere with operations.
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(AAODC)

(AAOO)

(AASHO)

(ACGIH)

(ANSI)

(AEC)

(AGCA)

(AIA)

(AIHA)

(AISC)

(AMC)

(API)

(ASME)

EXHIBIT 1

SOURCES OF SUPPLY FOR STANDARDS

American Association of Qilwell Drilling Contractors
211 North Ervay Building, Room 505
Dallas, Texas 75201

American Academy of Ophthalmology & Otolaryngology
15 Second Street, S.W.
Rochester, Minnesota 55901

American Association of State Highway Officials
341 National Press Building
Washington, D.C. 20004

American Conference of Governmental Industrial Hygienists
1014 Broadway
Cincinnati, Ohio 45202

American National Standards Institute
1403 Broadway
New York, New York 10018

United States Atomic Energy Commission
Washington, D.C. 20545

Associated General Contractors of America, Inc.
1957 E Street, N.W.
Washington, D.C. 20006

American Insurance Association

85 John Street

New York, New York 10038

(formerly American Association of Casualty and Surety Co.)

American Industrial Hygiene Association
14125 Prevost
Detroit, Michigan 48227

American Institute of Steel Construction, Inc.
101 Park Avenue
New York, New York 10017

Army Materiel Command

United States Department of the Army
The Pentagon

Washington, D.C. 20310

American Petroleum Institute
Division of Production

300 Corrigan Tower Building
Dallas, Texas 75201

American Society of Mechanical Engineers
345 East 49th Street
New York, New York 10016

e e —_ - e g e e v e et -

Approved: March 26, 1973
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(ASTM)  American Society for Testing Materials
1916 Race Street
Philadelphia, Pennsylvania 19103

(ATT) American Telephone and Telegraph Company
195 Broadway
New York, New York 10007

(AWWA)  American Water Works Association
2 Park Avenue
New York, New York 12603

(OMB) Office of Management and Budget
Executive Office Building
Washington, D.C. 20503

(CGA) Compressed Gas Association
500 Sth Avenue
New York, New York 10036

(CMAA)  Crane Manufacturers Association of America
1326 Free Port Road
Pittsburgh, Pennsylvania 15238

(DOD) United States Department of Defense
The Pentagon
Washington, D.C. 20310

(DOD) United States Department of the Interior
Washington, D.C. 20240

(DOL) United States Department of Labor
Washington, D.C. 20210

(DOT) United States Department of Transportation
Washington, D.C. 20590

(DOT) United States Coast Guard
Department of Transportation
1300 E Street, N.W.
Washington, D.C. 20004

(DUPONT) E.L duPont de Nemours and Company
Explosive Department
Wilmington, Delaware 19898

(EPA) Environmental Protection Agency
401 M Street S.W.
Washington, D.C. 20024

(FCPC) Federal Committee on Pest Control
United States Dept. of Health, Education, and Welfare
8120 Woodmont Avenue
Washington, D.C. 20014

Approved: March 26, 1973
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(FFC) Federal Fire Council
General Services Administration
Washington, D.C. 20405

(FIA) Factory Insurance Association
85 Woodland Street
Hartford, Connecticut 06105

(FM) Factory Mutual Engineering Division
1151 Boston-Providence Turnpike
Norwood, Massachusetts 02062

(FRC) Federal Radiation Council
Washington, D.C. 20449

(FSC) Federal Safety Council
Washington, D.C. 20210

(GPO) Superintendent of Documents
United States Government Printing Office
Washington, D.C. 20402

(GSA) General Services Administration
Washington, D.C. 20405

(IAEA) International Atomic Energy Agency
9-13 Kaertnerring
Vienna, Austria

(ICBO) International Conference of Building Officials
50 South Los Robles Street
Pasadena, California 91101
(formerly Pacific Coast Building Officials Conference)

(ICRP) International Committee on Radiation Protection
4201 Connecticut Avenue, N.W.
Washington, D.C. 20008

(ES) Muminating Engineering Society
1860 Broadway

New York, New York 10023

(IME) Institute of Makers of Explosives
420 Lexington Avenue
New York, New York 10017

(ISO) International Standards Organization
23 rue Notre Dame des Victoires
Paris, France

(ITE) Institute of Traffic Engineers
1725 deSales Street, N.W.
Washington, D.C. 20036

(MCA) Manufacturing Chemists’ Association, Inc.
1825 Connecticut Avenue, N.-W.
Washington, D.C. 20009

)

Approved: March 26,1973
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(NASA) National Aeronautics and Space Administration
Washington, D.C. 20546

(NBS) National Bureau of Siandards
Department of Commerce
Washington, D.C. 20234

(NCRP) National Council on Radiation Protection
4201 Connecticut Avenue, N.W.
Washington, D.C. 20008

(NCUTLO) National Committee on Uniform Traffic Laws and Ordinances
525 School Street, S W,
Washingtor, D.C. 20024

(NFPA)  National Fire Protection Association
60 Batterymarch Street
Boston, Massachusetts 02110

(NRA) National Rifle Association
1600 Rhode Island Avenue, N.W,
Washington, D.C. 20036

(NSC) National Safety Council
425 North Michigan Avenue
Chicago, Illinois 60611

(NTIS) United States Department -of Commerce
National Technical Information Service
Springfield, Virginia 22151

(UL) Underwriters’ Laboratories, Inc.
207 East Ohio Street
Chicago, Illinois 60611

(USDA)  United States Department of Agriculture
Washington, D.C. 20250

(USPHS)  United States Public Health Service
Department of Health, Education, and Welfare
Washington, D.C. 20203

The Matheson Company, Inc.
East Rutherford, New Jersey 07073

Approved: March 26, 1973
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" published in advance of incorporation in
- OR Manual . 0550
File and retain, in Manual until superseded.

UNITED STATES ATOMIC ENERGY COMMISSION
’ AEC MANUAL

OAK RIDGE IMMEDIATE ACTION DIRECTIVE
ORTIAD NO. 0550-23 DATE: December 17, 1974

SUBJECT: OPERATIONAL SAFETY STANDARDS

1. In accordance with AECM 0550-035c. the following safety standard shall be
used as a prescribed General Safety Standard within ORO:

General Safety Requirements, EM 385-1-1
(U. S. Corps of Engineers)

2. This standard is applicable to all Divisions, TIC, and contractors (pursuant
to appropriate contract provisions) under their jurisdiction.

e e ;- < \—— o ey 2 T~ Yoy - . e - - . v e g e .
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Volume: 0000 General Administration OR- 0550
Part: 500 Health and Sarety

Chapter OR-0550 OPERATIONAL SAFETY STANDARDS

0550-03 Responsibilities and Authorities.

034 Managers of Fizld Offices

a., Division Directors, Area Managers, and the Extension Manager,
DT'(E;, 1n the administration of contract activities: (R)

1. Assure that the codes and standards detailed in AEC
Appendix 0550 are appliad as minimum staridards by  their
contractors, and that the levels of performance of health
and safety ave maintained, consistent with the mtent of
these standards.

2. Make recormendations to the Manager for additional or
more stringent standards decmed essential to the safety
and proper performance of their functions, and for

S0 -0 5'6'0-’59 granting any &owss¥=e=y- exceptions from the requirements
/)’ ” of the AEC Chapter and its Appendix,

b, Director, Safety Division: N)

1. Performs appraisals’ of contractor operations for comphance
with prescribed standards and for levels of performa.nce in
health and safety activities,

2, Maintains a library of safety standards, codes, and
gUideSo

3. Prepares written reports to the Director, Division of
Operational Safety, on any exceptions granted,

4. Provides clarification of the technical requ].rements of
Chapters AEC and OR- 0550° .

Approved: February 19, 1969
TN-0500-47
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* OR=0550-05 .- OPERATIONAL SAFETY STANDARDS
0550-05 . Basic Requirements,

(R} 051 Applicability.
The provisions of Chapters AEC and OR-0550 are applicable to all
Divisions, Area Offices, and DTIE, and to contractors.(pursuant to
appropriate contract provisions) under their jurisdiction.

0550-06 National Emerpency Application.

During a national emcrgency, as defined in Section AEC-0601-04, the provisions
of this OR Chapter and Appendix shall continue in effect, unless superseded by
direction of the Manager, ORO.

* Approved: February 19, 1969
~ TN-0500-47
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A. Building Codes.

I. The use of the "Southern Standard Building Code," published by the
Southern Building Code Congress, Birmingham, Alabama, is required
by Oak Ridge Operations for projects located east of the Mississippi
River and south of the Ohio River and in the state of Pennsylvania
as specified in AEC appendix 6301, “"General Design Criteria."
Projects located on the Island of Puerto Rico are designed to meet
the minimum requirements of the "Building Regulation" as published
by the Puerto Rico Planning Board, Santurce, Puerto Rico.

For purposes of interpretatics of the provisions of the "Southern
Standard Bulilding Code" as they apply to projects located in the
Oak Ridge area, all such projects located on Government-owned or
leased land shall be considered as being located outside of any
designated fire districts.

2. The "Uniform Building Code," published by the International
Conference of Building Officials, Los Angeles, California, is used
elsewhere In Oak Ridge Operations.

B. Fire Standards. (R)

The publication "Fire Prevention and Protection Guides for ORO" is’
applicable to all contractual activities which are required to be con-
ducted in compliance with the fire protection regulations and require-
ments (inciuding reporting requirements) of the Commission. This
pamphlet should be generally followed to provide tne most effective
program at the lowest possible cost.

C. Safety Standards. - (N)

AEC standards require that employees shall use eye and face protection
equipment when machines or operations present potential eye or face
injuries. It shall be the policy for ORJD facilitias to:

. 1. Have all personnel wear approved type eye brotection In any operational
area designated as "eye hazard."

2. Have all construction workers wear approved type eye protection at
their respective job sites.

3. Grant exemption to 1 and 2 above according to paragraph OR 0550-034 a.2.

Approved: October 31, 1974
' TN 0500-91
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Form AEC-489

(6-67)
U. S. ATOMIC ENERGY COMMISSION
AEC MANUAL
TRANSMITTAL NOTICE
Chapter 0524 STANDARDS FOR RADIATION FROTECTION
SUPERSEDED: TRANSMITTED:
Number Date Number Date
TN __0500-63
Chepter Chagpter
Page Pags
Appendix 052l (except 11/8/68 Appendix__ 052l (except  _2/4/69
Annex A) Annex A)
REMARKS:

This appendix (except Annex A) has been reprinted. Material in
paragraphs II and III has been rearranged for clarity and conformity

with paragraph I.
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0000 General Administration
0500 Health and Safety

Volume:
Part

AFC 0524.0!
OS

Chapter 0524 STANDARDS FOR RADIATION PROTECTION

0524-01 POLICY

011 Radiation protection standards ap-
plicable to AEC and AEC contractor operations
not subject to AEC licensing, shall be egtab-
lished to protect the general public, AEC and
AEC contractor personnel and property,

012 AEC and AEC contractor operations
shall be conducted in such a manner as to
assure that radiation exposures to individuals
and population groups are limited tothe lowest
levels technically and economically practical,

0524-02 OBJECTIVE

To establish radiation protection standards for
AEC and AEC contractor operations consistent
with the Radiation Protection Guides recom-
mended by the Federal Radiation Council and
with the standards approved by the Commission
for the regulation of licensee operations,

0524-03 RESPONSIBILITIES AND
AUTHORITIES

031 The Director, Division of Opera-
tional Safety:

develops, or promotes the de-
velopment of, radiation protection
standards and policies relating to
AEC and AEC contractor opera-
tions,

a,

approves or disapproves each
proposed exceptiontothe radiation
protection standards established
by this chapter,

appraises the performance of AEC
field offices and upon request, or
when circumstances warrant, ap-
praises AEC contractors as set
fcrth in Chapter 0504, "Cparaa
tional Safety Program Ap-
praisals,"

d. renders interpretations of the re-
quirements of this chapter,

032 The Heads of Headquarters Divi.
sions and Offices: asgure that Headquarters
employees, under their juriadiction, comply
with the provisions of this chapter;

Approved: November 8, 1968

033 Managers of Field Offices:*

assure that AEC and AEC con-
tractor personnel and the general
public are protected againgt radia-
tion exposure in conformance with
the provisions of this chapter.

a,

assure that the necessary meas-
urs-meants zre rmade to determine
-oufcrmance with the rzquire.’
ments of this chapter,

request and justify specific ex-
ceptions for planned or anticipated
deviations from the requirements
of this chapter.

c.

review and approve emergency
plans for rescue and recovery
operationg,

act, where immediate decisions
and actions are required, on re-
quests for exceptions to the re-
quirements of this chapter and
immediately report and justify
such action to the Division of
Operational Safety, Headquarters,
Contractors may be authorized to
take all appropriate measures in
emergency situations, See appen-
dix 0524, 1V, "Guidance for Emer-
gency Exposure During Rescue
and Recovery Activities, "

0524-04 DEFINITIONS (as used in this
chapter)

041 AEC contractor includes any AEC
prime contractor or subcontractor exempt
from, or not subject to, AEC licensing, except
Part 115 Reactors, but subject to the con-
tractual provisions of AECPR 9-7.5006-47
or modifications thereof.

042 Controlled area means any area,
access to which is controlled for reasons of
radiation safety,

043 Uncontrolled area means any area,
accéss to which is not controlled for reasons of
radiation gafety,

*For purposes of this chapter, the Directoc, Division of Naval Reac-
tors, and the Director, Division of Space Nuciear Systems, wmlil as-
sume the same responsibilities as Managers of Fleld Offices, for
their respective program activitles,
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0524-05 BASIC REQUIREMENTS

051 Applicabilit The standards and
instructions set !ort% in this chapter and
appendix apply to, and shall be followed by,
Headquarters Divisions and Offices, Field
Offices, and AEC contractors, as defined in
041, above,

052 Coverage

a. These standards shall governion-
izing radiation exposure to AEC
and AEC contractor personneland
to other individuals who may be
exposed to ionizing radiation re-
sulting from AEC and AEC con-
tractor operations.

b. These standards do not apply to
radiation exposures resulting
from natural background, medical
and dental procedures, nordothey
apply to uncontrolled areas when
activities involved are in the
Plowshare Program?! or are es-
sential to national security such
as the weapons testing program,

1Safety criteria of each Plowshare event will be considered on &
case-by-case basls,

053 Exceptions to Chapter Require-
ments, Approvaf of the Division of Operational
Safety must be obtained for any deviations
from the requirements of this chapter or use
of radiation protection standards different
from those provided herein, except in emer-
gency situations where immediate decisions
and actions are required.

054 Appendix 0524 contains radiation
protection standards which shall be applied
in conformance with the requirements of this
chapter. It also provides guidance for emer-
gency exposure during rescue and recovery

activities (IV),

055 References

a. Chapter 0525, '"Occupational Ra-
diation Exposure Information,"

b, Chapter 0545, '"Nuclear Accident
Dosimetry Program."

0524-06 NATIONAL EMERGENCY
APPLICATION

During a National Emergency, as defined in

Chapter 0601-04, the provisions of this chapter
and appendix are not mandatory.

Approved: November 8, 1968
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L

INDIVIDUALS IN CONTROLLED AREAS

A, Radiation Protection Standards for Ex-

ternal and Internal Exposure:

Dose (rem) or

Type of Exposure Condition Dose Commitment
Whole body, head and Accumulated dose 5 (N-18)*

trunk, active blood-forming organs, Calendar quarter 3 -

gonads, or lens of eye
Skin thyroid and Year 30

bone2 Calendar quarter © 10
Hands and forearms, feet Year 75

and ankles Calendar quarter 25
Other organs Year 15

Calendar quarter 5

To meet the above dose commitment standards, operations must be conducted in a manner
that it will be unlikely thatanindividual will assimilate in a critical organ, due to exposure
received in any calendar quarter (year) by inhalation, ingestion, or absorption, a quantity
of a radionuclide that would commit the individual to a lifetime dose greater than is
specified for a calendar quarter (year), (See table, above,)

B. Procedural Requirements

3.

Emergency or Accidental Exposure.
The determination as to whether ra-

1. Restrictions diation doses received in emergency
- actions or accidental situations will
a, An individual employed at age 18, be chargeable to the radiation ex-
or an individualbeyondage 18, who posure status of the individual will
has received the maximum al- be made on a case-by-case basis by
lowable radiation dose, shall not plant management in accordance with
be exposed during the ensuing year the advice of the plant health physics
to whole body doses exceeding: and occupational medical depart-
(1) 1.25 rem for the firstcalendar ments.
quarter, . 4, Monitoring Requirements. These re-
(2) 2.5 rem total for the first two quirements are applicable if the in-
calendar quarters, dividual is likely to receive a dose
(3) 3.75 rem total for the first or com}'nitment in any calendar
three calendar quarters, and quarter in excess of 10. percent of the
quarterly standards in A,, above,
(4) 5 rem for the year. due to:

b, An individual under age 18 shall a, external radiation - personnel
not be employed in, or allowed to monitoring equipment for each
enter, controlled areas in such individual.
manner that he will receive doses b. int 1 diati iodi
of radiation in amounts exceeding - 2 ern;\l raciadon - periocic
one-tenth the standards in A., (m.ont Ys quarterl}f, an‘nually, et.c.)
above urinalyses and/or in vivo counting

¢ and/or evaluation of air concen-
2., Combining Internal and External Dose. trations to which the individual is

Whole -body internal dose from radio-
nuclides for which the whole body is
the critical organ must be combined
with the external whole-body dose,
Otherwise, the internal and external
dose are not required to be added
although reasonable effort should be
made to minimize total organdose.

IN equals the age in years at next birthday.
2an acceptable alternate standard for bone is the ICRP standard of

exposed,

Methods of Estimating Dose Com-
mitment. Methods of estimating dose
commitment to the organ of interest
should be suitable to the existing
conditions and consistent with as-
sumptions and recommendations of
the Federal Radiation Council (FRC)
and International Commission on Ra-

0.1 i gram of radium-226 or its biological equivalent, diological Protection (ICRP).

Approved: November 8, 1968
Reprinted: February 4, 1969
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C. Concentration Guides {(CG's)
1. Air

CG's in Annex A, Table I, Column 1,
were derived for the most part from
the yearly standards in A., above
(assume a 40-hour workweek). They
should be used in evaluating the ade-
quacy of health protection measures
against airborne radioactivity in oc-
cupied areas.

2, Water

The CG's in Annex A, Table I, Column
2, are applicable to the discharge
of liquid effluents to sanitary sew-
erage systems (see II, E., below).
Drinking water concentrations in re-
stricted areas shall be maintained
within the CG's specified in Table II,
Column 2.

. INDIVIDUALS AND POPULATION GROUPS IN UNCONTROLLED AREAS
A. Radiation Protection Standards for External and Internal Exposure:

Ammual Dc;se or Dose Commitment (rem)

Based on an average

Based on dose to critical dose to a suitable
individuals at points of sample of the ex-
Type of Exposure maximum probable exposure posed population!
Whole body, gonads, or 0.5 . 0,17
bone marrow
Other organs 2 ‘ 1.5 0.5

B. Procedural Requirements

Except as specified in C, 2., below, en-
vironmental and food chain monitoring
and urinalysis or in vivo counting data
shall be developed and used, as appro-
priate, to demonstrate compliance with
the above standards and/or their equiv-
alents (body burden, intake by ingestion
and inhalation, or air and water concen-
trations at the point of intake) according
to FRC and/or ICRP principles. Where
the standards for individuals are used,
exposure estimates should be confirmed
by direct measurements suchas personal
dosimetry, excreta analysis, and in vivo
counting. Surveillance over individual
exposures need not be by urinalysis and
in vivo counting if environmentaland food
chain monitoring sufficient to establish
the range of individual exposure is per-
formed and these exposure levels are
known with comparable certainty. This
demonstration should include a prere-
lease evaluation of probable exposures
based on:

1, the radiological, chemical, phys-
ical, and biological properties of
the effluent,

$See Par., 5.4, FRC Report No,. 1, for discussion on concept of
suitable sample of exposed population, .
lgAn ac:gpmhle alternate standard for bone for individuals is the
ICRP standa:d of 0,003 ug of radium-226 or its biological equivalent,
The alternate standard for populations would be one-third this ICRP
standard,

2. the locations of exposed individuals
relative to the point of release,

3. the meteorology, soil chemistry,
geology, hydrology, and related
factors pertinent to the fate of the
effluent.

C. Concentration Guides (CG's)

1. CG's in Annex A, Table II, were de-
rived for the most part from thedose
standards for individuals in A., above
(assume 168 hours of exposure per
week), These guides shall be reduced
by a factor of three when applied to
a suitable sample of the exposed
population.

2, In situations in which it is notfeasible
or desirable to evaluate the exposure
of individuals and samples of an ex-
posed populationto effluents as neces-
sary to demonstrate compliance with
the standards in A,, above, effluent
releases to uncontrolled areas shall
be such that average concentrations
of radioactivity at the pointofrelease
will not exceed the CG's in Table II.
The point of release shall be con-
sidered to be the point at which the
effluents pass beyond the site bound-
ary. Radioactivity concentrations may
be averaged over periodsuptolyear,

Approved: February 4, 1969
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D, Further Limitations on Effluent Dis-
charges

In any situation in which the effluents
discharged by one or more activities
of AEC, AEC contractors, or others
cause exposures to approach the stand-
ards specified in A,, above, appropriate
effluent discharge limits may be set for
these operations, In such cases, the
manager of the field office may take the
necessary corrective action if all ac-
tivities concerned are within his area of
responsibility, Otherwise, each case will
be referred to the Director, Division of
Operational Safety, for appropriate action
including, where appropriate, coordina-
tion with actions taken by the Director of
Regulation under 10 CFR 20,106(e).

E,. Discharge to Sanitary Sewerage Systems

1, Effluents may be discharged to public

sanitary systems provided:

a. the quantity of radioactivity re-
leased in any 1 month, if diluted
by the average monthly quantity
of water released by the installa-
tion, will not result in an average
concentration exceediug the CG in
Annex A, Table I, Column 2,, and

b. the radiation protection standards
in A,, above, are notexceeded,

2, Concentrations or quantities of ra-
dicactive materials greater thanthose
specified in l,a, and b,, above, may
be released to chemical or sanitary
sewerage systems owned by the Fed-
eral Government provided the stand-
ards in A., above, are not exceeded in
uncontrolled areas,

M. QUALITY FACTORS TO BE APPLIED IN DETERMINING REM EXPOSURE
The exposure standards specified in this appendix are expressed in terms of rém, which
implies that the absorbed dose (expressed in rads) should be multiplied by an appropriate
weighting factor (quality factor (QF)). The QF's to be used for determining neutron and/
or proton exposures from known energies are provided in the following table;

Energy of Neutrons or Protons

Quality Factors

Neutrons Protons

1000

3
2

N
.
\m

Y-
WWwihhdbhddbiNoOOINI0O0OO0OOWM
N
[ %)
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1V, GUIDANCE FOR EMERGENCY EXPO-
SURE DURING RESCUE AND RECOVERY
ACTIVITIES

A, Purpose

The emergency action guidance promul-
gated in this part provides instructions
and background information for use in
determining appropriate actions con-

Approved: February 4, 1969

cerning the rescue and recovery of per-
sons and the protection of health and
property during periods ofemergency.

General Considerations

1. The problem of controlling exposure
to radiation during rescue and re-
covery actions is extremely complex,
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Performing rescue and recovery op-
erations requires the exercise of
prompt judgment to take into account
multiple hazards and alternate meth.
ods of accomplishment, Sound judg-
ment and flexibility of action ‘are
crucial to the success of any'type of
emergency actions, Althoughthe guid-
ing principle is to minimize the risk
of injury to those persons involved in

the rescue and recovery activities, -

the control of radiation exposures
should be consistent with the im-
mediate objective of saving human
life, the recovery of a deceased
victim, and/or the protecting of health
and saving of property.*

2, To preclude the possibility of un-
necessarily restricting action that
may be necessary to savelives, these
instructions do not establish a rigid
upper limit of exposure but rather
leave judgment up to persons in
charge of emergency operations to
determine the amount of exposures
that should be permitted to perform
the emergency mission,

3. The official in charge must carefully
examine any proposed action involv-
ing further radiation exposure by
weighing the risks of radiation in-
sults, actual or potential, against the
benefits to be gained, Exposure prob.
ability, biological consequences re-
lated to dose, and the number of
people involved are the- essential
elements to be evaluated in making a
risk determination,

4, These instructions recognize thatac-
cident situations involving the saving
of lives will require separate criteria
from that of actions required to re-
cover deceased victims or saving of
property. In the latter instances, the
amount of exposure expected to be
received by persons should be con-
trolled as much as possible within
occupational limits,

C, Emergency Situations

Specific dose criteria and judgment fac-
tors are set forthfor the three categories
of risk-benefit considerations, i,e,, ac-
tions involving the saving of human life,
the recovery of deceased victims, and
the protection of health and property,
*The determination as to whether radiation dosage received in emer-

gency actions will be chargeable to the radiation exposure status of
the persons will be made on an individual case basts,

1. Saving of Human Life

a, To preclude the possibility of un-
necessarily restricting actionthat
may be necessary to save lives,

. judgment shall be left to persons.
in charge of emergency operations
to determine the amount of expo-
sures that should be permitted to
perform the emergency mission,

b. Attempts to rescue victims of a
nuclear incident should be re-
garded in the same context as any
other emergency action involving
the rescue of victims, regardless
of the type of hazard involved,

c.. Where there is reasonable ex-
pectation that an individual is
alive within the affected area, the
course of action to be pursued
should be determnined by the per-
son onsite having the emergency
action responsibility,

d. The amount of exposure for this
type of emergency action shall
be determined bythe persononsite
having the emergency action re-
sponsibility, He should immedi-
ately evaluate the situation and
establish the exposure limit for
the rescue mission accordingly.
His judgment should be basedupon:

(1) evaluation of the inherent risks
by considering:

(a) the reliability of the pre-
diction of radiation injury,
This reliability cannot be
any greater than reliability
of the estimation of the
dose, Therefore, consid-
eration should be given to
limits of error associated
with the specific instru.
ments and techniques used
to estimate the dose rate,.
This is especially crucial
when the estimated dose
approximates 100 rems or
more,

(b) the exposure expected in
performing the action shall
be weighed in terms of the
effects of acute external
whole-body exposure and
entry of radiocactive mate-
rial into the body.

Approved: November 8, h1968
Reprinted: February 4, 1969
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e,

{2) current assessment of the de-
gree and nature of the hazard,
and the capability of reducing
inherent risk from that hazard
through appropriate mecha-
nism such as the use of pro-
tective equipment, remote
manipulation equipment, or
similar means.

In the course of making adecision
to perform the action, the risk
to rescue personnel should be
weighed against the probability of
success of the rescue action,

Any rescue actionthat may involve
substantial personal risk should
be performed by volunteers, and
each emergency worker shall be
advised of the known or estimated
extent of such risk prior to par-
ticipation,

2, Recovery of Deceased Victims

a,

C.

Accident situations involving re.
covery of deceased victims re-
quire criteria separate fromthose
for saving lives, Since the element
of time is no longer a critical
factor, the recovery of deceased
victims should be well planned,
The amount of radiation exposure
received by persons in recovery
operations shall be controlled
within existing occupational ex-
posure guides,

In those situations where the bod-
ies are located in areas inacces-
sible because of highdirect radia-
tion fields, and where the recovery
mission would result in exposure
in excess of occupational exposure
standards contained in this ap-
pendix, special remote recovery
devices should be used toretrieve
the bodies,

In special circumstances where it
is impossible to recover bodies
without the entry of emergency

Approved: November 8, 1968
Reprinted: February 4, 1969

workers into the area, the in-
dividual in charge of the recovery
mission may determine it neces-
sary to exceed the occupational
exposure standards contained in
this appendix, The planned ex.
posures of an individual participat-
ing in the recovery should not
exceed 12 rem total for the year
or 5 (N-18), whichever is the more
limiting,

3. Protection of Health and Property

a,

Where the risk (probability and
magnitude) of the radiation hazard
either bears significantly on the
state of health of people or may
result in loss of property, so that
immediate remedial action is re-
quired, the following criteria
should apply:

(1) When the person in charge of
emergency actiononsite deems
it essential to reduce a hazard
potential to acceptable levels
or to prevent a substantialloss
of property, a planned exposure
up to, but not to exceed, 12 rem
for the year or 5 (N-18), which-
ever is more limiting, may be
received by individuals par-
ticipating in the operation,

However, the person in charge
of emergency action at the in-
cident scene may elect, under
special circumstances, to waive
these limits and permit volun-
teers to receive an exposure
up to, butnotto exceed, 25 rem.

(2) Where the potential risk of
radiation hazard following the
nuclear incident is such that
life would be in jeopardy, or
that there would be severe ef-
fects on health of the public
or loss of property inimicable
to the public safety, the criteria
for the saving of human life
shall apply.
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ANNEX A )
CONCENTRATIONS IN AIR AND WATER ABOVE NATURAL BACKGROUND

(See notes at end of annex)

Table 1 Table Il
Controlled Area Uncontrolled Area
. . -
Element (atomic number) Isotope Column ! | Column 2 | Column ! | Column 2
Air Water Air * Water
(uc/ml) {uc/ml) (uc/mi) (uc/mb)
Actinium(89) ..........connt. Ac 227 S 2Xx10°12 6X10°* 8X107!* 2x10°
1 3x107'Y 9x10°® 9x10-'*| 3xi0™
Ac 228 S 8x107* 3x10°% 3x10~* 9x10°%
I 2%x107° ix10-® 6x10°t° 9x10°%
Americium (95) . ... ihieinan.. Am 241 S 6x10712 1x10°* 2x107%3  4x107%
I 1x10°'°1 8x10™* 4x107'?| 2x10°*
Am 242m S 6x1072 1x10™* 2%x107"? 4x10°°
I 3Ix107'°] 3x10” 9x107'?] 9x10°*
Am 242 S 4x10°t 4x107 1x10°° L1x10
1 5x107* 4x10°° 2x10”° 1x10™
Am 243 S 6x107'? 1x10™* 2X107*3| 4x10°¢
1 1x107'°| 8x10™* | 4x107'?| 3x10°®
Am 244 S 4x10°° 1x107 1x1077 5%x107?
I 2x10°* 1x10 8x107? 5x10°?
Antimony (51).......ocviatnn Sb 122 § 2%1077 8x10~* 6X10°° 3x10°*
I 1x107? 8x10~* 5x10°° ax10°s
Sb 124 S 2x1077 7x107* 5x10™° 2x10°*
1 2x10™* Tx107* 7x10°'°| 2x10°*
R Sh 125 S 5x1077 3x10”? 2x10°* 1x10™
1 3x10°* 3x10°? 9x 10-1° 1X10™
R Argon(18) .........icceinnns A 37 Sub? 6xX1072 {......... IX107™* | ot
A 4l Sub 210§, ..., 4x10™* |..........
Arsenic(33)............. ceeenn As 73 S 2X107 1x10°? 7x10™* |, sxi10™*
¢ I 4x%1077 1x10°2 ixi0™® 1x10™*
As 74 S 3x1077 2x10°2 1x10°* 5x10°%
* I 1x1077 2x1073 4x10™° sx1o
As 76 S 1x1077 6x10™* 4x10"* 2x10°*
1 1107 6Xx107¢ 3x10~° 2x30°°
As 77 S 5%x1077 2x1072 2x107* 8x 10
1 4x1077 2x10°? 1x10°8 8x107*
Astatine(85) ................0 At 211 S 7%10°° 5x107% 2x107'9f 2x10°¢
I 3x10°* 2x107? 1X10~° 7x10°3
Barium (56)............. ...... |Ba 131 S 1x10°* 5x10°3 4x1078 2x10°*
1 4x1077 5x1072 1x10°* 2X107*
Ba 140 S 1x1077 8x10~™* 4x10~° 3x10°*
. 1 4x10° 7X107* 1x10°° 2x10°%
Berkelium(97)........ccvveenn .|Bk 249 S 9x107'° 2x107? 3x10°'! 6x10™*
1 1x1077 2x107? 4x10~° 6x10~
Bk 250 S 1x10~? 6x1073 5x107? 2xt10™*
1 1x10°¢ 6x107? 4x10°* 2x 107
Beryllium @) ......... cecesee .|Be 7 S 6X10°¢ 5x1072 2x1077 2x107
i 1 1xi0°* 5x10°2 4x10°* 2x1073
Bismuth(83) .............. ...|Bi 206 S° 2x1077 ix10° 6x10~* 4%x107*
1 ix1077 1x10°° 5x10”* 4x10°*
Bi 207 S 2x1077 2x10°2 6x10~* 6x107%
1 1x10°* 2x10°? 5x107° 6x10°*
Bi 210 S 6x10™° 1x10°* 2X107%°0  4x10°*
1 6x10°* 1x107° 2x107'° 4x10°S
“ ¢ Bi 212 S 1x1077 1x1072 3x10”* 4x10™
g I 2Xx1077 1x1072} | 7x10”* 4%x10™
Bromine (35) ........c.00... ..|Br 82 S 1x10°* 8x10™* | "4x10°* 3xi10~*
. i 2x1077 1x10° 6x10~° 4x10°*
Cadmium (48) ................ .}1Cd 109 S 5X10°* 5x107? 2x10~* 2x10™*
: 1 7%10°* 5%107 3x10” 2x10
' 1 See footnotes at end of table.

Approved: November 8, 1968
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Annex A

CONCENTRATIONS IN AIR AND WATER ABOVE NATURAL BACKGROUND--continued

(See notes at end of annex)

Table 1 Table 11
Controlled Area Uncontrolled Area
Element (atomic number) Isotope!

Column | | Column 2 { Column 1 | Column 2
Air Water Air Water
(uc/ml) (uc/ml) (uc/ml) (ue/mb
Cadmium (48)~Continued ....... Cd 115m S 4x107 | 7x107* | 1x107 | 3x107
1 4x 1078 7x10™ 1x107° 3x107%
Ccd 115 S 2x1077 1x107? 8x10°° 3x10°*
1 2x1077 1x107? 6x10™° 4x10°*
Calcium (20} . ..o v i i e e Ca 45 S 3x10°® 3x10™ 1x107? 9x10™
I 1x1077 5%x1073 4%x107° 2%x 107
Ca 47 S 2x1077 1x107? 6x10~° Sx107°¢
1 2% 1077 1x107? 6x10°° 3x107*
Californium (98) ............... Cf 249 S 2x 10712 Ix10™ Sx107'*] 4x10
I 1x107'%  7x107* 3x107'*| 2x10°*
Cf 250 S 5x107'2| 4x10™ 2x107!3 1x107*
1 1x107'°  7x107™* 3x107'?} 3x10~
Cf 251 S 2x.10712 1x10™ 6x107'% 4x10™
I Ix107° 8x10™ 3x107'?} 3x10°*
cf 252 S 2x10°1! 7x107* 7x107'3] 2xi0°*
I 1x107'°  7x107* 4x107'%) 2x10°*
Cf 253 S 8x107'°  4x107 3x107"! 1x10™
I 8x107'°f 4x107? 3x10'! 1x10™
Cf 254 S $x107'2 4x107 2x107? 1x1077
I Sx107'1 4x10™ 2x107'% | 1x107
Carbon(6) .................. C 14 S 4x10°® 2x107? 1x1077 8x10-*
(CO,) Sub SXI0™S .. ........ 1x10° |........
Cerium (58) . ..o v i i i ieienen Ce 141 S 4x107? 3x107? 2x107 9x10°*
1 2x 1077 3x10° 5% 10°° 9%x10°*
Ce 143 S 3x1077 1x1072 9x107? 4x10°*
i 2x107? 1x107 7% 107? 4x10°*
Ce 144 S 1x10°8 3x107* 3x107'° 1x10°*
| 6x10°° 3x10™ Ix107e 1x10°*
Cesium (55) ..o viieiiienens Cs 131 S 1x107% 7%x107? 4x1077 2x107
1 3x10°¢ 3x1072 Ix1077 9x107*
G 134m S 4x107° 2x 107! 1x10° 6x107?
I 6x107° 3x107 2x 1077 1x107°
Cs 134 S 4x10°* 3x10™ 1x10°° 9x107*
{ Ix107® 1x10™ 4X107'°| 4x107
Cs 135 S 5x1077 3x 107 2x10° 1x10™*
I 9%10°® 7% 107 3x10™° 2x 10
Cs 136 S 4x1077 2x 1073 1x10°® 9x10°%
1 2x1077 2x107 6x107° 6x10°%
Cs 137 S 6x%10°% 4x10™ 2x10°° 2x10°%
1 1x10°® 1x1073 5x107'°! 4x10°®
Chlorine (17) .......cov.nvn... Ct 36 S 4%x10°7 2x107 1x10°8 8x107*
I 2x 107t 2x10°2 8x10™°%| 6x107*
Cl 38 S Ix10° 1x107? 9x10°® 4xX10™
I 2x10™ 1x1072 7x10" 4%10™
Chromium(24) ............... Cr 51 S 1x10°% 5x107? 4x107 2x10°?
I 2x10°° 5x107? 8x10°* 2x 107
Cobalt (27) ..o vivee e, Co 57 S 3x107¢ 2x107? 11077 sxi10™
1 2x1077 1x107? 6x10™* 4x10™
Co S58m S 2x10° 8x107? 6x1077 3Ix10™?
1 9x107* 6x1072 3x107? 2x107?
Co 58 S 8x1077 4x107° 3x10°® tx10™
i Sx107® 3ix10° 2x10”* 9x10°*
Co 60 S 3x1077 1x107? 1x107 §x107%
1 9x10-° 1x107? 3x10°'°| 3x10°*

' See footnotes at end of table.
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Annex A

CONCENTRATIONS IN AIR AND WATER ABOVE NATURAL BACKGROUND--continued

(See notes at end of annex)

' See footnotes at end of *..ble.

Approved:

Table | Table Il
Controlled Area Uncontrolled Area
em atomic number Isotope!
Element ( ) P Column t | Column2 | Column 1 | Column 2
Air Water Air Water
1 (uc/ml) (uc/ml) (uc/mb) (uc/ml)
Copper(29) .. ovvrennaenaneesd Cu 64 S X107 1x107? 7X10°* 3IX10*
[ 1X10° 6Xx1073 4x10™* 2x 10
Curium(96)......covvvvvenvann. Cm 242 S {x10°° 7%10™ 4% 10712 2%X10°
I 2x107'° 7X10°* 6X1072 3x10°
Cm 243 S 6Xx 10712 1xX10™* 2xX 1073 | sx10°¢
H 1x107° 7x10™* 3IX 10712 AX 1073,
Cm 2442 S 9x 1072} 2x10™* 3x10°'2 ) Ix10°®
I Ix10°t° 8x10™ 3x10712 3x10°
“ICm 245 S 5x 10712 1x10™ 2%x107t3 4x 10
1 1xtoto| 8x10°* 4x107* | 3x10°
Cm 246 S 5§X 1073 Ix10™ 2X 1073 4x 10
I ixiot°| 8xi10°* 4x107'? | 3xX10°*
Cm 247 S sx107'?| 1x10™ 2x 1073} 4x10™
I 1x10t°] 6x10™ 4x107'3 | 2»10°*
Cm 248 S 6X 10731 1x107® 2X107'* ] 4x10”
I IX107' | 4x10% | 4x107'3 | 1x10™
Cm 249 S tix 10t 6X 1072 4x 1077 axes
. 1 1xX10°% 6x107? 4% 1077 2107
Dysprosium (66) .......c..cccun.. Dy 165 S 3x107 1X107? 9% 107 4% 107
| 2X10°° 1X107? 7x10™* ES S\
Dy 166 S 2X1077 X107 8x10™° 4X 10°°
i 2X 1077 1x10™? 7x10°° 4x10°*
Einsteinium (99) ................ Es 253 S 8x107'°| 7x10™* X107 axiot
1 6X107'° 7X1074 X107 ax110
Es 254m S 5%x10° | -8x107* 2x107'° | 2x10°f
{ 6X107° §X10™ 2x107'° [ 2x10°F
Es 254 S 2X107't ] 4x10°* 6x107'* 1 1X10°*
i 1x10°° 4x107* 4x107!? 1X10°*
Es 255 S §x10°1° sx10™ 2% 107! X107
1 4x107'° 8x10™ 1x10°"? 3X10°
Erbium (68).......ccvvvunn. ....JEr 169 S 6X1077 ix107 2x107° 9%X10°*
1 4X1077 ' 3x10°° 1X10™® 9X107*
Er 171 8! 7x107? 3x107 2x107 1x10™
: 1 6X1077 3x107? 2x107° 1X10™
Europium (63).......0000veuen. Eu 152 S 4%X1077 2x107 1X10°® 6X10°®
(T/2=9.2 hrs)i 3x1077 2x107? 1X10°® 6X107*
Eu 152 S 1X10°® 2x107? 4x107t° X107
(T/2=13 yrs) 1 2x10°° 2X1073 6X107'° | 8x10°*
Eu 154 S 4x107° axio™ 1xtome | 2xi10°®
i 7X10°? 6Xx10™ X107t | 2x10°f
Eu 155 8 9%10°® 6X107? 3%107° ax10™
i 7X107® 6x107 3x%10" ax1ott
Fermivm (100). . ..o vvvveennnnn. Fm 254 S 6X107® 4x107 2%X10°° 1x10™
i 7X10™° 4x107 2X10°° 1X10™
Fm 255 S 2x10°° 1X1072 6xX107'° | 3x10°¢
1 1x10°® 1X1073 4x107'°] 3x10°*
Fm 256 S 3xi10”° 3x10°% 1X10°'°| 9xi0”?
1 2X10°° 3X10°S 66Xt 9x10”7
Fluorine (9) ... v v e v eveveenennn. F 18 S 5X10° 2X107? 2X1077 g8xio™
] 3X10°* 1X107? 9x10™* 5%X10™*
Gudolinium(64) ..............|Gd 153 § 2X1077 6X107° 8X10°° 2Xi0™
1 9x10-* 6X107? 3x10°° Xt
Gd 159 S §x1077 2X107 2X10°® gxiIot
| 4x10°7 axi0” 1X10°* 8X 1078

November 8, 1968
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Annex A

CONCENTRATI‘ONS IN AIR AND WATER ABOVE NATURAL BACKGROUND--continued
{See notes at end of annex)

Table | Table I
Controlled Area Uncontrolled Area
Element (atomic number !
( ) Isotope Column | | Column 2 | Column | | Column 2
Air Water Air Water
(uc/miy (ue/mi (uc/ml) (uc/ml)
Galbum (31). . ..o i e e Ga 72 S 2x10°7 1X107? 8x10™ 4x10°
1 2X1077 1X10°2 6X10~* 4X10°8
Germanium (32) ............... Ge 71 S 1X10°¢ $X107? 4x 1077 2% 1072
| 6X10°¢ 5x107? 2% 1077 2x107?
Gold(79). . ... Au 196 S 1X10°® $X107 4X10°® 2X10™
i 6X1077 4x107 2x10° 1X10™*
Au 198 S 3x1077 2x107 1xi0-* $x107%
1 2X1077 1x107? 8%X10°° 5x107*
Au 199 S 1X10° §x107? 4X10°* 2% 107
. I 8X10°7 4x10°? 3x10°® 2X10™*
Hafnium (72) ... Hf 181 S 4x10°® 2x10°3 1X10°° 7X107%
1 7X10°® 2%X1072 3x10°° 7X10°%
Holmium (67) ................. Ho 1le66 S 2% 10 9x10™ 7X107° 3x10°%
1 2% 1077 9% 10™* 6X107° 3x10°%
Hydrogen(l) ................. H 3 S §X107* 1X10°t 2x107? 3xi10”?
I 5X10°° 1x10™ 2x1077 3%107
Sub 2X1073 [ ..., 4X10°% f ...
Indium@9)................... In 113m § gx10° 4X107? 3x107? 1X10™?
1 7X107® 4x10? 2X107? 1x107
In 114m S 1X1077 $X10™ 4X10° 2X10°*
1 2x107® 5x107* 7x1071°%  2X10°*
In I15m S 2X10° 1X107 8X10°® 4X10™*
1 2X10° 1X107? 6X10°® 4X10™*
In 115 S 2X1077 axio 9%x10~? 9X10°*
| 3x10°* 3x10°? 1X107° 9%107%
lodine (53)*. . ................. 1 125 S $X10°° 4X107* 8§x1o'! 2X1077
1 2X1077 6X10™ 6%X107° 2x10™
1 i26 S 8X10~* $X10°% 9x 107"  3x1077
1 3x1077 3x107 1X107* 9x107*
I 129 5§ 2X107° 1x107 2X107'Y  6x10°°
. 1 7X107® 6x107? 2X107° 2X10™
i 131§ 9%10~° ox 107 1x107'°f 3X1077
I ,f 3x107] 2x107 1x10% | 6x107*
1 132 S 2X1077 2X10°? 3x10°° 8X107¢
I 9%x1077 5107 3X10°t 2X107*
{ 133 S 3x10°® 2X107* 4x1070 1X107°
1 2X1077 1x10°° 7X107° 4X107*
1 134 S 5x1077 4X10™ 6X10~° 2X10°%
1 3x10™ 2X107 1x1077 6x10™
I 135 S X107 7X10™* 1X10° 4X10°
1 4%x1077 2X107? 1Xt0™* 7%X10°%
Irdiom (D). .. ... L. Ir 190 S 1X10™* 6X107 4x10°* 2X10™
1 4x1077 §X107? 1X10™ 2X107*
Ir 192 S 1X1077 1X107? 4X%10°? 4X10°*
1 3x10™* 1X107 9x10°'° 4X107%
Ir 194 S 2X10"7 1x107? 8X10°° 3X10°%
I 2X1077 9x10* $X10°° 3x10°*
Iron(26) ..o, Fe 55 S 9X 1077 2X107? 3x10™* gx10™
i 1X10°¢ 7X107? 3X10°® 2X107?
Fe 59 S 1x107? 21073 §X10~° 6X10°%
1 5X107° | 2x107*| 2X107°} 5X107°
Krypton? (36) .. ....cvvivnnnnn. Kr 85m Sub 6X10°{........ IX1077 [........ -
Kr 85 Sub 1X10°% 1 ........ 3IX1077 ...

*In the derivation of the concentration guides for soluble forms of iodine in table II, a 2 gram thyroid
(infants) and daily intakes of 3 X10® ml of air and 1 X10° ml! of water (fluid water plus water contents
of foods) assumed.

! See footnotes at end of table.
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Annex A

CONCENTRATIONS IN AIR AND WATER ABOVE NATURAL BACKGROUND--continued

(See notes at end of annex)

Table 1 Table 11
Controlled Area Uncontrolled Arca
F 1

Element (atomic number) Isotope Column | { Cotlumn 2 {.Column ! | Column 2

Air Water Air Water

(uc/ml) (uc/ml) (uc/ml) (uc/ml)

Krypton? (36)--Continued .......|Kr 87 Sub IX10°¢§........ 2X107% {........
Kr 88 Sub 1X107¢{........ 2X107% |........

Lanthanum (57) .......cvvenn.. La 140 S 2x1077 7x10™* 5x107° 2x10°*
1 Ix1077 7x107 4x10™° 2x10°%

Lead (82) . v v vvvvevvennnnneanns Pb 203 S 3x10™ 1X1072 9X10™* 4x10™
I 2x10°° 1X107? 6x10™* 4% 107

Pb 210 S X100 4x10™ 4x107' 1 1x107

1 2x107'%| sxi0” 8x107'*| ax10™

Pb 212 S 2x10° 6x10™ 6x107'°! 2x10°°

1 2x107° 5%10™ 7X107'%7 2x10°*

Lutetium (71) ..... e eieeaean Lu 177 S 6x107’ 3x10” 2x10°° tx10™
1 5x1077 3x107 2x107° 1x10™*

Manganese (25) ........ veve...|Mn 52 S 2x1077 1x107 7%x107° 3x10°*
1 1x1077 9x 107 5X107° 3x10°

Mn 54 S 4x1077 4x107° 1x107° 1x10™

1 - 4X107° 3x107 1x10°° ixi0™

Mn 56 S 8x1077 4x107 3x107 tx10™

1 51077 3x107 2X107® 1x10™

Mercury (80) ....vvvvvennnnnn. Hg 197m S 7x1077 6x107 3x10° 2x 10
I 8x1077 5x107° 3x10°* 2x 107

Hg 197 S 1x10™* 9x107 4x107* 3x107

1 3X10°° 1x107? 9x10-* 5x10™*

Hg 203 S 7x107* 5x107 2x107° 2x10°°

1 1x10™? 3x107 4x10~° 1x10™*
Molybdenum (42)........... ....|Mo 99 S 7%107° 5x107 3x10°® 2x10™
1 2x1077 1x107 7x107° 4x107*

Neodymium (60)........ veee...|Nd 144 S 8x107*'| 2x107 X107} 7x107
1 3x107'°] 2x10™? 1Xx107'' | sxio0™*

Nd 147 S 4x1077 2x107 1X10°2 ex10™

I 2x1077 ax10”? 8x107° ex10*

Nd 149 S 2x10°¢ 8x107? 6x10™ 3xj0™

I 1x107° 8x10~? 5xX10°% ot
Neptunium (93) ............ ...|Np 237 s 4x107'*| 9x107* 11072 3x10”°
I 1x107'°f o9xi0™ 4x107%) 3x10°*

Np 239 S 8x1077 4x107 3x10"* Ixto™

1 7x107? 4x10°° 2x10°* 1x107

Nicke! (28) ..oovvvvvennn. ee... |Ni §9 S sx1077 6x107? 2x107° 2x10™
1 8x10~7 6x107? 3x107® 2x10™

Ni 63 s 6x10°" 8x10™* 2X107° 3x107°

I 3x1077 2x107? 1x10°® 7%x10™*

Ni 65 S ox10~’ 4%x107 3x10™* 1x10™

1 5x1077 3x10° 2X107* 1x107™

Niobium (Columbium) (41)....... [Nb 93m S 1X1077 1x107? 4%107° 4x107*
I 2x1077 1x107? 5$X10™° 4x10™
Nb 95 S §x1077 3x107 2x107° 1x10™*

] 1X1077 3x107 3x10”° 1x107™

Nb 97 S. 6x107* 3x107? 2X1077 9x10™

. i 5X107* 3x107? 2X1077 | 9xi0™

Osmium (76) ..vrvuunnnnn.. ...|0s 185 8 5x1077 2x107 2x107° 7x10°%
1 5x10™ 2x107? 2x10°° 7%x107*

Os 19im S 2x1078 7%x1072 6%X10~7 3xi07

I 9x10°° 7%x107? 3X1077 2x107°

Os 191 § 1x10°¢ 5x107 4x107* 2x10™*
1 4x1077 5x107 1X10™ 2X107*
Os 193 § 4x1077 | 2x107 1x10™ | 6x10
! Sec footnotes at end of table. 1 3x10”77 2x107? 9x10™° 5%X10°%
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Annex A

CONCENTRATIONS IN AIR AND WATER ABOVE NATURAL BACKGROUND--continued

(See notes at end of annex)

Table 1 Table 11
Controlled Area Uncontrolled Arca
3 1

Element (atomic number) Isotope Column 1 § Column 2 | Column I | Column 2

Aur Water Air Water

(uc/mi) (ue/ml) (uc/ml) (uc/mb

Palladium (46) . . .. .ooovvenen. .. Pd 103 § 1x 10 1X107? $X107® 3x10™
1 7%1077 8x107 3x10® 3x10™

Pd 109 S 6X1077 3x10™ 2% 107 9% 107

1 4X107 2X 1073 1x10°® 7%107

Phosphorus (15) ................ P 32 S 7X107® %10 2X107° 2X107*
] 8x190-® 7X10™ 3x10° 2X10°

Platinum (78) ...........oo. ... Pt 191 § 8x107? 4x107? 3x10® 1X10™*
1 6X 1077 3xXi0°? 2x 10t 1X10™

Pt 193m S 7X 107 3IX107? 2X1077 11072

1 5X107 axio? 2% 107 1107

Pt 197m S 6X 107 3x107? 2x10™ 1107

i §X 107 X107 2x 1077 9x%10™

Pt 197 § 8X 107 4x10° xio* 1X10™*

1 6xX107? X107 IX 107 1X 104

Plutonium (94). ... .............. Pu 238 S 2x 10711 IxX10°* 7X10°t4 5X10°*
1 IX107Y | 8x10 Ix107? [ 3x10°*

Pu 239 S IX10 1X10™ 6x107'¢| 5x10°*

1 4% 1071 8x10™* IX107'?] 3%10°

Pu 240 S IX10-12|  1X10 6X10714] 5X10-%

i 4%X10-11] BX10-4 1x1072| 3xi0-s

Pu 241 S 9X10-'1§{ 7X10-3 3X10-12] 2x10-

I 4x10-® 4x10-? 1X10-° 1X10-

Pu 242 § 2X10713 ] 1X10 6X10-1¢]| 5x10-¢

1 4X10-11| 9X10- 1x10-*3] 3Xx10-

Pu 243 § 2X10-¢ 1x10-2 6X10-8 3X10~

1 2X107¢ 1x107? 8x 10" 3x10™

Pu 244 S 2X10-13| X104 6X107t4 | 4X10-¢

1 3x1o''t 3x10™ I1X10™"*| 1x10°*

Polonjum (84) ................. Po 210 S 5x107'°| 2x10°* X107t | 7%x10™
I 2x107'°) 8x10™* 7X107%| 3x107%

Potassium (19)................. K 42 S 2x107° 9x 107 7X 107 3x10™*
1 {x1077 6x10™ 4x107° 2x107

Praseodymium (59) . ............ Pr 142 S 2X1077 9x10™ 7X107° 3x107*
- 2x1077 9% 107 5%107° 3x10°*

Pr 143 S 3x1077 1x10°3 1x10™ 5X107°

1 2x1077 1x10-3 6X107° 5X107°

Promethium (61) . ............ .. |Pm 147 s 6x10™" 6x107 2x107° 2X10™*
1 1X1077 ax107 3x107° 2% 107

Pm 149 S 3x1077 1x107? 1x10™* 4% 107

1 2x107? 1x107? 8x10™° 4x10°*

Protoactinium (91) ............. Pa 230 S 2x10™° 7%107 6x107*' ! 2x10™
i 8x107'°} 7x10°° 3x10°'f 2x10°*

Pa 231 8§ 1X107'21 3x1078 4x107'* 9x10™

1 1x107'° 8x10™ 4x107*3| 2x10°*

Pa 233 S 6x1077 4x107? 2x10° 1x107*

I 2X1077 3x107 6x10™° ix10™*

*Radium (88) ....ooovvnrnnn.. Ra 223 &S 2X10™*° 2x107% 6x10™'] 7x1077
| 2x10°'°l  1xi0™* 8x 10?1 4x10°®

Ra 224 § 5%10 7x1073 2x107'°| 2x10°*

1 7x107'° 2x10™ 2x107*' | 5x10-

Ra 226 S 3x10°' 4x107° 3x107'?| 3xi0°*

1 5x107!'| o9xi0™ 2x107'*| 3x10°*

Ra 228 S 7X107''] 8x10~7 2X107'*] 3x10°*

1 4x10°*'1 71x10™ 1X107'%1 3x107*
Radon (86) ...c.ovuennnnnn.. Rn 220 ic. 3IX1077 |l 110 |..........
See footnotes at end of table. Rn 222 S ixio o Ak Ll
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Annex A

CQNCENTRATIONS IN AIR AND WATER ABOVE NATURAL BACKGROUND--continued

(See notes at end of annex)

Table I Table 11
Controlled Area Uncontrolled Area
H 1

Element (atomic numbet) Isotope Column 1| Column2| Column !| Column 2

Air Water Air Water

(uc/ml) (uc/ml) (uc/ml) (uc/ml)

Rhenitm (75) v vvveeornceenn ../]Re 183 S 3x107* 2x107? 9%x10°® ex10™
1 2x107? 8x10> 5x107° 3x10™

Re 186 S 6%X1077 3x107 2x107 9% 1078

1 2X1077 1x107 8x107° 5x107*

Re 187 S 9x107¢ 7x107? 3x10”77 ax10?

1 5x1077 4x107? 2X107% 2x107

Re 188 S 4x1077 2x107° 1x10™ 6X10°°

' : 1 2x1077 9x10™* 6x107° 3x107*

Rhodium (45) ........... e.v...|Rh 103m S 8x107* 4x107 3x10°* 1x10°?
1 6%x107% 3x10™ 2X107 1X107?

Rh 105 S 8§x1077 4x107 3x107° 1x10™

1 5%x1077 3x107° 2x10™® 1x10™

Rubidium (37). ... vvveencnnnnns Rb 86 S 3x1077 2x107? 1x107® 7x107*
1 7x10°® 7%x107* 2x10°° 2%x10°*

iRb 87 S 5%x1077 3x107 2X107* 1x10™

I 7X107® §x1072+ 2x107° 2x 107

Ruthenium (44) ..........cve..d Ru 97 S 2x107¢ 1x107? 8x10™* 4x10™
1 2x107° 1x107? 6x107* 3x10™

Ru 103 S 5x1077 2x107 2x107* &x107*

1 8x107® 2x1073 3x10°° 8x10°*

Ru 105 S 7x1077 3x107 2X10°® 1X107*

i 5%x1077 3x107 2X107* i1x10™*

Ru 106 S 8x10°® 4x10™* 3x10°* 1x10°?

1 6x10~? 3x10™ 2%x107'°} 1x10°*

SamariumM (62). .o ovvvrecceceanes Sm 147 S 7x107'Y 2x107? 2X107'%  6x107*
I 3x10°'°] 2x107 9x107'*l 7x10°°

Sm 151 S 6x10°* 1x107? 2x10°° 4x107*

1 1x1077 1x107? 5%x107° 4x10™

Sm 153 S 5%x1077 2x107 2x10-% 8x107*

. 1 4x1077 2x107? 1x107° 8x10°*
Scandium (21) .. .. cevniinennnn Sc 46 S 2X1077 1X10°3 8%X10°° 4x10°%
1 2X10°* 1x107? 8x101°| 4x10°*

Sc 47 S 6X10°7 3x107 2x10°* 9% 10°*

1 5%1077 3x10~? 2x10°* 9% 10

Sc 48 S 2X1077 8X10™ 6%10” 3x10°

. 1 1X1077 8x10™ 5$%x10~° 3x107¢
Selenium (34) . .ovveerencnennnn Se 75 S 1x10™* 9x107? 4x10° 3X107
1 1X1077 8x107 4%10~° 3x10™

Silicon (14) ....... e RPN L I 3 | S 6X10™ 3x107? 2X1077 9X 10
1 1x10°¢ 6X107? 3xX107® 2% 107

Silver (47) ..vvvvreninieainns ..JAg 105 S 6x1077 3x107 2X107 1X10™
1 8x10°* 3x107 3X10°° 1x10™

Ag 110m S 2x107? 9X10™ 7X10™° 3X10°%

1 1X10-® 9X10™* 3x107°| 3xi0°s

Ag 111 S 3x1077 1X1073 1X10°* 4X107

I 2x1077 1x107 8x10~ 4X107%

Sodium (11)esevevvenennnennennn Na 22 S 2X1077 1X107 6X10™ 4%1078
1 9x10™ 9x10™ 3X107'°| 3Xx107%

Na 24 S 1X10°* 6x107 4%10°* 2% 10

1 1X10°7 8X10™ $X10™° 3xX10°8

Strontium (38). . . ... cv.. . veees.ofSr 8m S 4xX107% 2X107t 1X10* 7%X1073
‘ 1 3x107% 2X107 1X10™ 7x1073

Sr 85 s 2x1077 3x107? 8X10~° 1X107™

1 1x1077 5X107? 4x10”° %107

Sr 89 S 3X10°* 3X10™ 3x107*°§ 3x10°¢

! See footnotes at end of table.

Approved: November 8, 1968
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AEC Appendix 0524 STANDARDS FOR RADIATION PROTECTION
Annex A

CONCENTRATIONS IN AIR AND WATER ABOVE NATURAL BACKGROUND-.-continued

(See notes at end of annex)

Table 1 Table 11

Controlled Area Uncontrolled Area
Element (atomic number Isotope?

( ) P Column 1 | Column 2 | Column 1 { Column 2
Air Water Air Water
(uc/ml) (uzc/ml) (uc/ml) (uc/mi)
Strontium (38)—Continued........ 1 4x10°* 8x10™ 1x10°° 3X1073
St 90 S 1X10°° 1X10-3 31071t} 3x1077
1 5%x10~° 11073 2X107'° 1 4x10°*
Sr 91 s 4x10”7 2X 1073 2X10°* 7X107%
1 3x1077 1X10°2 9x10~° 5%X107
Sr 92 S 4X1077 2x107 2x107® 7%x10°*
1 3%x1077 X107 1x107® 6X10°*
Sulfur(16) ....covivvvivnnnn... S 35 S 3x10™ 2X1073 9X107° 6X10°%
I 3X107? 8x1073 9%x10~° 3x10™
Tantalum (73) .. oo ieeeiieenne. Ta 182 S 4%X10°t 1x10°2 1X10~® 4%x107*
1 2X10° 1x107? 7X1071%| 4x10°*
Technetium(43) .........ccu.... Tc 9%m S 8x107* 4x107 3x10° 1X107?
i 3x10° 3x10° 1x10°° 1x107?
Tc 96 S 6X1077 3x107? 2x10°8 1x10™*
I 2Xx1077 1x107 8§xX107° 5%X107%
Tc 97m S X107 1X107 8x107* 4x10™
i 2X1077 5%107 5%X107° 2x107*
Tc 97 S 1x10°* 5X107? 4x107? 2X1073
I 3x10™7 2X107? 1x10°* 8x10™*
Tc 99m S 4%x107 2X107t 1X10°¢ 6%10°?
i ix10°* 8x107 5x1077 3x107
Tc 99 S 2X107 1%x107 7x10'; 3x10™
| 6x10°® 5107 2x107 2x10™
Tellurium (52) .o vvve e ei it Te 125m S 4%1077 5107 1X10° 2X107*
1 1X1077 3x107 4x10°° 1X10™
Te 127m S 1X1077 2x107? 5X107° 6X107*
1 4x10°* 2%1073 1x107° 5§x107%
Te 127 S 2X107® 8x107? 6X10°* 3ix10™
I 9% 1077 5x1073 3x107® 2x107¢
Te 129m S 8%107* 1x107 3x107° 3x10°%
1 3x10°® 6x10™ 1X107° 2%X10°%
Te 129 S 5x10°¢ 2x1072 7| 2x10”77 8x10™
I 4X10°° 2X107? 1%1077 8x10™*
Te 13lm S 4X1077 2x107? 1x10™® 6x10°*
| 2x1077 1x107 6%x107 4x107°
Tc 132 S 2x1077 9x10™ 7X107° 3%.10°°
I 1X1077 6X10™* 4x10™° 2x10°8
Terbium (65) ............... -..|Tb 160 S 1X1077 ix107 3%x107 4x10°°
1 3x10°® 1X1072 1x10™ 4x107%
Thalliom (81) ...........ccovnnn. T 200 S 3x10°¢ 1x107? 9% 107 4x10™*
| 1x10° 7X1073 4x10°® 2%x10™
m 201 S 2% 107 9%107? 7X10°* 3x10°*
1 9% 10”7 5x107° 3x10°* 2%x10°*
T 202 S gxio™’ 4x10 3xi0™® 1X10™*
I 2X1077 2x107? 8x10™ X107
T 204 S 6x1077 3x107 2X 107t 1X10™*
1 3x10™® 2x10° 9x107'%| 6x107*
Thorium (90) ....eovvvnvenn... Th 228 S 9%x1072| 2xi0™* 3x107*3 | 7x10™
I 6X107'%1 4x10™* 210712 | 1X10°8
Th 230- S 2X1071% | sx10°* 8x107'* | 2x10~
I 1X107' 7 9x10™* 3x107'*| 3x10°*
Th 232 S 3x107'*| s5x107® IX107'2 | 2x10™
I 3x107t| 1x107? 1x10°t3 | 4x107*

! See footnotes at end of table.

Approved: November 8, 1968
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CONCENTRATIONS IN AIR AND WATER ABOVE NATURAL BACKGROUND--continued

(See notes at end of annex)

Table 1 Table 11
Controlled Area Uncontrolled Area
omic number Isotope!

Element (atomi ) P Column 1 | Column 2 | Column t | Column 2
Air Water Air Water

(uc/mi) (uc/mi) (uc/ml) (uc/ml)

Thorium (90)—Continued ........ Th natural®* S 3xi07'  3x107* IX107' ) 1x10*
i 3X107'Y  3x107* 1x107'3]  1x10°®

Th 234 S 6X107® 5X107* 2X10~° 2x107%

1 3x10°° 5x10™ 1X10°° 2x107*

Thulium (69) .....oovvvevnenns Tm 170 S 4%107° 1x107 1107 5x10°%
I 3x10°® 1x1073 1xX10°? 5x107*

Tm 171 S 1X1077 1x107? 4x107° , S5x10™

1 2x1077 1x107? 8X107% ; SX107

TiN(50) vovvrverencnennaeeons Sn 113 S 4%1077 2x107? I1X10® ¢ 9x107
I 5x10°® 2X107? 2X10°° 8x10°*

Sn 125 S 1X1077 5x10™ 4x10°° 2X107*

1 8x10™ 5xX10™ 3X107° 2X107%

Tungsten (Wolfram) (74) . ........ w 181 S 2X107 1x107? 8x10™"* | 4xi0™
1 1x107? 1x107? 4%10°° 3x10™

w 18 S . 8%x107? 1X1073 3x10™ 1x10™

1 1x1077 3x107% | 4x10™® 1X10°8

W 187 S 4X107? 2x10 | 2x107* 7x107

1 3X1077 2%X10™? ix107* 6X107%

* Uranium (92) ...ovveerevcnans. U 230 S 3x107'°| 1x10™ 1X10™' ! 5x107*
1 1X107'°| 1x10™* 4X107% L 5x10™

U 232 S 1X107'°] 8x10™* 3X107*%*| 3x10°*

1 3X107*Y 8x10™* 9X10™'*{ 3x10°*

U 233 S §x107'°l  9x10™* 2x107*'] 3x10°%

1 1xi107'°l 9x10™ 4%x101*| 3x107

U 234 S 6x107'°| 9x10™* 2x107! [ 3x107t

1 1X107'° 9x10™* 4X107'*| 3x10°*

U 235 S 5X107'° 8x10™* 2X107''{ 3x10°°

1 1X1071°| 8x10™* 4x1072} 3x107

U 23 S 6X107'° 1x107? 2x10™'| 3x10°%

1 1X1071°f  1X107 4x10™'*; 3x107*

U 238 S 7x107''  1X107® 3x107'2| 4x10°*
1 1x107'° 1x107? 5X107'3{ 4x10°%°

U 240 S 2X1077 1x1073 8x10~*° 3X10°*

1 2%1077 1X1072 6X107° 3x10°*

U-natural** S 7X107*} 5x107* 3xX1073{ 2x107*

. 1 6X107t' 5x107* 2X107'% | 2x10°%

Vanadium (23). . covvvnrvnnannns vV 48 S 2X1077 9x 10 6X10 3X107*
I 6x10°* 8x10™* 2X107* 3x107%
Xenon(54) ..oovvvvrveriaaanonn Xe 13Im Sub 2%x107% [......... 4%10°7 |..........
Xe 133 Sub 1X10°% {......... 3X1077 |o.oo......
Xe 133m Sub 1IX10°% f...ee.... 3107 L.l
Xe 135 Sub 4%X10°¢ J......... 1X1077 f.........

Yiterblum (70). .. o oo veveeeinenn Y 175 S 7%x10”7 3x107 2%X10™* 1Xi0™
1 6X1077 3x107? 2x107°* %107

Yetrium (39) ..iiiiinnnennnn Y 90 S 1X1077 6X10™ 4x10~° 2X107*
1 1xX107? 6x10™ 3X10™° 2X107*

Y 9Im S 2X107% 1x10°? 8x1077 3x107°

I 2x10°% 1X107! 6%X10"7 3%107°

Y 91 S 4x10°* 8x10™* 1X10”?° 3x10°8

1 3x10° 8x10™* 1X10™ 3x107%

*A curie of natural thorium means the sum of 3.7 X 10! ° dis/sec from Th 232 plus 3.7 X 10'® dis/sec from
¥Th 228. One curle of natural thorium is equivalent to 9,000 kilograms or 19, 850 pounds of natural thorium.

seA curie of natural uranium means the sum of 3.7X10' ° disintegrations per second from U 238 plus
3.7X10® dig/sec from U 234 plus 9X10° dis/sec from U 235, One curie of natural uranium is equivalent
to 3,000 kilograms or 6,615 pounds of natural uranivm.

! See footnotes at end of table. Approved: November 8, 1968
- »
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STANDARDS FOR RADIATION PROTECTION

CONCENTRATIONS IN AIR AND WATER ABOVE NATURAL BACKGROUND--continued

[FUUEO RGP

(See notes at end of annex)

Table 1 Table 1
Controlled Area Uncontrolled Area
Element (atomic number) Isotope! Column 1 | Column 2 | Column 1 | Column 2
Air Water Air Water
(c/nl) (uc/ml), (uc/ml) (uc/mb)
‘ontinued . . ....... Y 92 S 4x1077 2x1073 X107 6Xx10°*
Yttnum (39) Continued N 3%10°7 5% 10-3 X108 ex10°*
Y 93 S 2Xx107? Bx10™ 6x107° 3x107*
1 1x107? 8x10™ 5%107° 3x10°*
Zinc(30) ... e Zn 65 S 11077 3x10™ 4X107° 1xX10™
1 6X107® 5x107 2x10°° 2X10™
Zn 69m S 4x107? 2x10°? 1X10°® 7X10°¢
1 3x1077 ax10 1X107® 6X10°%
Zn 69 S 7X10°* 5X107? 2%x1077 2X10°°
1 9x 107 5X107 3X1077 2x107?
Zirconium (40). .. .......... ..., Zr 93 S 1x107? 2x107? 4x10°° 8x10~*
1 3x107 2x107? 1x107® 8x10™
Zr 95 S 1x10"? | 2x107 | 4x10”® | 6x10°°
{ ax10°t 2x107 1x10™° 6x107*
Zr 97 S 1x1077 Sx10™ 4x10°° 2x10°*
1 9x107® sx10™ 3x10™° 2x10°*
Anx,single_radionuclide notlisted |.......... Sub Ix10™° |......... 3x10°® |.........
ahove with decay mode other .
than alpha emission or spontane-
ous fission and with radioactive
half-life less than 2 hours.
Any single radionuclide, not listed  |............... 3x10”* 9x10°* Ix107'°{ 3x10™®
above with decay mode other than
alpha enussion or spontaneous
fission and with radioactive half-
life greater than 2 hours.
Any single radionuclide, not listed  [.... .......... 6x107'% 4x107? 2x 1074 3x10°®
above, which decays by alpha
emission or spontaneous fission.

' Soluble (S); Insoluble (I).

3*Sub™ means that values given are for subfnersion in a semispherical infinite cloud of airborne material.

NOTE: In any case where there is a mixture

T T
in air

or water of more than one radio-

nuclide, the guide values, for purposes of this
annex, should be determined as follows:

1. If the identity and concentrationof each

EXAMPLE: If radionuclides A, B, and C
are present in concentrations CA' .CB. and

Cc, and if the applicable CG's are CG,
CGpand CGg respectively, then the con-

centrations should be 1limited so that
the following relationship exista:

radionuclide in the mixture are known,
the limiting values should be derived
as follows: Determine, for each radio-
nuclide in the mixture, the ratio be-
tween the quantity present in the mix-
ture and the guide otherwise established
in this annex for the specific radio-
nuclide when not in a mixture, The
sum of such ratios for all the radio-
nuclides in the mixture shall not ex-
ceed "1" (i,e., "unity"),

Approved: November 8, 1968

CA +

caG, CG,

2, Ilf either the identity or the concentra-

tion of any radionuclide in the mixture
is not known, the guide values for pur-
poaes of this annex shall be:

a, for purposes of Table I, Col. 1 -

6x 107"
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4.

b,

c.

do

for purposés of Table I, Col. 2 -
4x 10”7
for purposes of Table I, Col. 1 -
2x 10
for purposes of Table H, Col, 2 -
3x10°®

If any of the conditions specified below

are met,

the corresponding values

specified below may be used in lieu of
those specified in 2,, above,

C.

If the identity of each radjonuclide
in the mixture is knownbut the con-
centration of one or more of the

radionuclides in the mixture is not
. known, the concentration guide for
the mixture is the guide apecificd
in this annex for the radivnuclide
in the mixture having the loweust
concentration guide, or

b, If the identity of each radionuclide
in the mixture is not known, but
it is known that certain radio~
nuclides specified in this annexare
not present in the mixture, the con-
centration guide for the mixture is
the lowest concentration guide
specified in this annex for any
radionuclide which is not known to
be absent from the mixture; or

Element (atomic number) and isotope

If 1t 18 known that Sr 90, 1 125, 1 126, 1 129,1 131, (I 133,
table II only), Pb 210, Po 210, At 211, Ra 223, Ra 224,
Ra 226, Ac 227, Ra 228, Th 230, Pa 231, Th 232, Th-
nat, Cm 248, Cf 254, and Fm 256 are not present ---

If it is known that Sr 90, T 125,1 126,1 129, (I 131,1 138,
table I only), Pb 210, Po 210, Ra 223, Ra 226,

Ra 228, Pa 231, Th~nat, Cm 248, Cf 254, and
Fm 256 are not pregent <--=-= cemcesecncen--

I it 18 known that Sr 90, 1 129, (I 125, I 126, 1 131,
table If only), Pb 210, Ra 226, Ra 228, Cm 248,
and Cf 254 are not pregent ~eeomecrecccccccas=

If it s known that (I 129, table II only), Ra 226,.and
Ra 228 are not pregefit=-==~==-co== cememunces

If it {8 known that alpha~emitters and Sr 90, 1 129,

Pb 210, ‘Ac 227, Ra 228, Pa 230, Pu 241, and
Bk 249 are not pregefit = ===~ -~ Y

If it 18 known that alpha-emitters and Pb 210, Ac 227,
Ra 228, and Pu 241 are flot presentev-coemenena

It it i8 known that aipha~emitters and Ac 227 are not
present - ----- cmmwmen—- B LI T Y

If it 18 known that Ac 227, Th 230, Pa 231, Pu 238,

Pu 239, Pu 240, Pu 242, Pu 244, Cm 248, Cf 249 and

Cf 251 are nOt PreBONt =~ emwawmwmcwcucmacwe |

Table 1 Table I

Cottrolled Area Uncontrolled Area
Column{ |Column 2! Column 1 |Column 2

Afr Water Alr Water
(uc/ml) (ue/ml).. | (pc/mb we/ml)
ceem—-- 9X10™% | eceme==- 3xio-¢
mwmeces 6X10™? | cewea-- 2X10°¢
R —— 2107 |eceauaa 6x1077
cecemcas | 3X107% [ecmcana 1X10™"
3X10™°  Jeaccws | 1%107'% | ebewa-a
8x10-10 ccbeme 1X107!! |eew=- -
sx10°!! wemem=.| 1X10™? SRR
3X10°'2 csnmm= 1X107!? | ecmnea

If the mixture of radionuclides con-

sists of uranium and

its daughter

products in ore dust prior to chemical
processing of the uranium ore, the
values specified below may be used in
lieu of those determined inaccordance
with 1., above, or those specified in 2.
and 3,, above.

a, For purposes of' Table I, Col,

11 X 10°9 uc / ml gross alphaace

tivity; or 2,5 X 107! sc / ml na-
tural uranium; or 75 micrograms

5,

per cubic meter of air natural
uranium,

b, For purposes of Table II, Col,

1-3 X 10712 4e / mlgrossalphaac-

tivity; or 8 X 103 ye / ml natural
uranium; or 3 micrograms per cubic
meter of air natural uranium,

For purposes of this note, a radio-
nuclide may be considered as not
present in a mixture if (a) the ratio of
the concentration of that radionuclide

Approved: November 8, 1968
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in the mixture (C,) to the concentra-

tion guide for that radionuclide speci-
fied in Table IIofthis annex {CG, ) does
not exceed 1/10,

C

. A< 1
1€ CG, = 10

and (b) the sum of such ratios for all
the radionuclides considered as not
present in the mixture does not ex-
ceed 1/4,

C

CA B

+
CG, CGy

i.e., +

1A

1
4

Approved: November 8, 1968

6.

7.

Conversion from u Ci/cc to p Ci/m3
for air and p Ci/l for water are as
follows:

a. Air - # CifceX 10! - p Ci/m?3
b. Water - # Ci/cc X 10° = p Ci/1

Concentrations may be derived for un-
listed radionuclides provided yearly
dose limits in I, A, and II, A, are used
and the methods are consistent with
those recommended by the FRC and
ICRP,
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U. S. ATOMIC ENERGY COMMISSION
AEC MANUAL

Oak Ridge Operations Office

Volume: 0000 General Administration OR-0524
Part: 500 Health and Safety

Chapter OR-0524 STANDARDS FOR RADIATION PROTECTION

0524-03 Responsibilities and Authorities.

034 Managers of Field Offices:

a. Division Directors, Area Managers, and the Extension Manager,
DTIE, in the administration of thelr direct and contract
activities, comply with the provisions of Chapters AEC and
OR-0524 and assure that:

1. AEC and contractor personnel under their jurisdiction, (R)
and the general public, are protected against radiation
exposure, and that necessary measurements are made to
determine conformance with Chapter and Appendix AEC-0524.

2. Operations for which they are responsible are.covered
by approved emergency plans which are compatible with
AEC Appendix 0524,

3. Except when emergency conditions do not allow sufficient (R)
time, contractors submit written requests for plamned or
anticipated deviations to AEC Appendix 0524 standards to
their Contract Administrator.

4, Contractor representatives responsible for operations
are authorized to take appropriate measures during
emergency situations.

b. The Director, Safety Division:

1. Provides advice and assistance in interpreting and
applying the instructions pertaining to the permissible
exposure to radiation.

2. Appraises contractor procedures for maintaining compliance (R)
with the routine and emergency exposure criteria of
Chapter and Appendix AEC-0524.

Approvea: March 3, 1969
TN-0500-49
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(R)

Provides required reports and justifications to DOS
Headquarters regarding exceptions or deviations from
the requirements of Chapter and Appendix AEC-0524.

w
°

0524-05 Basic Requirements,

051 Applicability,

The provisions of Chapters AEC and OR-0524 are applicable to all
Divisions, Area Offices, and DTIE, and to AEC contractors as
defined in Subsection AEC-0524-041,

(N) 0524-06 National Emergency Application,

During a National Emergency, as defined in Section AEC-0601-04, the provisions
of this Chapter and Appendix are not mandatory. :
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Page 1 of 2
APPENDIX

(D. W. Magnuson)

Estimated Safe Mass Limits for Actinide Isotopes

The minimum critical mass limits for sevefal actinide isotopes have
been calculated using a very simple techniquel and have been published
with recommended subcritical limits.z The method is dependent on 2200 m/sec
capture and fission cross sections and the value of y for the isotope, the
hydrogen absorption cross section, the neutron age-to-thermal, and the

neutron diffusion length.

Since the values of these cross sections are subject to revision,
revised estimates of the minimum critical masses were made with different
cross sections. In the. calculations reported here the neutron age-to-

3 was 26.5 cmz and the extrapolation distance including

thermel energy
water reflector savings was 5.9 c:m.l'r The values of these parameters were
not given for the previous estimates and were probably slightly different.
The comparison of all of these calculetions of the minimum critical masses
is given in Table 1 with new suberitical limits established by dividing
by 4.6, the typical factor of 2.3 plus an additional factor of 2 because
of the large uncertainties in cross sections. The use of the two-group
buckling theory for small systems is questionable and is another reason

for having a larger safety factor than usual.

The estimates given here for the minimum critical masses do not include
the effects of resonance absorption and in general this effect gives rise
to increased minimum values. These estimates are also for essentially pure
isotopes. In general, the even isotopes for the even atomic numbered
elements have small thermal fission cross sections and the presence of
such isotopes has been ignored. Similar to isotopic dilution of 235U with
238U, the increase in critical mass can be large for small percenteges of

the fissile isotope.

it is believed that reliable cross-section data must be obtained on
all actinide isotopes which will be present in actinide solutions before
more accurate criticality pareameters can be calculated.
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